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1. INTRODUCTION 

The objective of the Hughes Tracking and Data Relay S ~ t e l l ~ t e  b y s i e n ~  
(TDRSS)  study was t o  identify an optimum approact fo r  a TDRSS employing 
dual spin,  geosynch;.onous tracking and data relay sa te l l i tes ,  and to define 
the performance paramete rs  of a l l  elements of the system. r h e  study was 
divided into two par ts :  P a r t  I ,  a 7 month effort to  develop a TERSS concept 
with service  fo r  medium and low data r a t e  use rs  with a TDRS c o m p a t i ~ l e  
with the Delta 2914 ;;erformance and payload envelope constraints:  P a r t  11. 
a 5 month effort,  to  explore the  telecommunications performance potential 
of TDRSs launched by Atlas c lass  vehicles and the Space Shutt!e, and to 
enhance the telecommunications se rv ice  of the Delta 2914 launched T D R S .  
P a r t  I of the study was completed and documented on September 2 2 ,  i?'i2.. 
F a r t  I1 of the study was completed and documented on April 1 ,  1573. 

Applicable experience f rom cur ren t  commercia l  and mili tary space 
p rograms  has been utilized throughout the study to a r r i ve  a t  an overall  
system technical approach that s t r e s s e s  simplici ty,  economy, f lexibil i ty,  
and easeof  operations. The TDRS designs  make use of a maximum of flight 
proven design concepts and equi2ment. Area s  which require new technology 
have been clearly identified. 

Maximum use of existing Goddard Space Flight Center network c o n ~ r o l ,  
scheduling, orbit  determination,  and data processing capabilities has been 
planned t o  enhance the cost effectiveness of the TDRSS. 

Th:s volume contains an introduction to the TDRS system concept 
and a brief summary  of sys tem operations,  performance,  and configurations 
for  the TDR satel l i te  concepts developed during the study: 

Delta 2914 launched TDRS configuration 1 (TDRS 1D) 

Atlas Centaur launched TDRS configuration (TDRS AC) 

Space Shuttle launched TDRS configl~rat ion (TDRS SS) 

Delta 2914 launched TDRS configuration 2 (TDRS 2D) 



For a detailed discussion of these system configurations the 
following documentation i s  available: 

TDRS 1D Entire Part I final report 

TDRS AC Volame 3 o i  Part I1 final report 

TDRS SS Volume 4 of Part I1 final report 

TDRS 2- Volume 2 of Part I1 final report 



2. SUMMARY 

2 .1  SYSTEM CONCEPT 

The TDRSS concept uses two operational geostationary satellites and 
one in-orbit spare  to provide relay links for command, tracking, and 
telemetry between n~ul t iple ,  low earth-orbiting user satellites and a centrally 
located ground station, as  shown in Figure  1, making possible nearly con- 
tinuous reception of data in real  time. 

The TDRSS comprises the following major elements: 

0 CSFC communication control and processing facility 

0 TDRSS ground station 

0 TDRS control center 

0 TDR satellites 

0 User spacecraft equipment 

The communication links f rom the ground station to the user  a r e  
defined a s  forward l inks,  and the links f rom the user  spacecraft to the ground 
station a r e  defined a s  return links. 

The forward links contain user  commands, tracking signals, and voice 
transmissions; the return links contain the u se r  telemetry,  return tracking 
signal, and voice. 

The users  a r e  categorized a s  low data rate (LDR), medium data ra te  
(MDR), and high data rate (HDR), according to  the i r  telemetry rates. F o r  
LDR service  both the forward and return links a r e  implemented with blaoad 
coverage (30 degree field of view) antennas. F o r  MDR and HDR service  the 
links a r e  implemented with narrow beam, high gain, steerable antennae. 



TDRS W 
OPERATIONAL 

TDRS 
ORBITAL SPARE 

Figure 1.  TDRS Sys tem Coricept 

2 . 2  KEY REQUIREMENTS 

The key ground rules  defined  contractual:^ were:  

Dual spin configuration 

Launch vehicles:  Delta 2914,  Atlas Centaur, and Space Shuttle 

Minimum TDRS lifetime: 5 years  

Telecommunications s e r v i c e  leve ls  a s  shcwn in Table 1 



TABLE 1. TELECOMMUNICATIONS SERVICE OBJECTIVES 

Forward Link Return Link - 
LOR 

MDR 

100 to 1000 bos 100 bps to 10 kbps 

100 to 1000 bps 
ind 

2 to 54 kbps(2) 

10 kbps to 1 Mbps 

2 kbps and 50 ~ b ~ s ( ~ )  

-. 
(11 Part II only 
(21 Space Shuttle requirement 
(3) Space Shuttle TV 

During the current study effort, discussion with tne GSFC p r opyam 
ce has led to  the conclusion that the following ground rules ,  although not 
uired contractually, a r e  essentia! for a viable sys t tm concept: 

off i  
req 

0 MDR service compatible with Space Shuttle 

0 Flux densities for forward links compatible with CCIR regulations 

Maximlirx use of proven technology and subsystems. 

The user services and launch vehicles considered for the two par ts  
of the study a r e  shown in Table 2. 

TABLE 2. STUDY ORGANIZATION 

Telecommunications 

Part I 

:DR. MDR 

Part II 

LOR, MDR, HOR 
sew ice 

Launch vehicler Delta 2914 Delta 2914 
Atlas Centaur 
Space Shuttle 



L 

I 
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I 

2.3 TDRS CONFIGURATION SUMMARY 

The four final TDRS configurations developed are:  

1) Delta 2914 launched TDRS configuration 1 (TDRS 1D) 

2) Atlas Centaur launched TDRS configuration (TDRS AC) 

3 )  Space Shuttle launched TDRS configuration (TDRS SS) 

4)  Delta 2914 launched TDRS configuration 2 (TDRS ZD) 

The TDRS 1D was developed during Pa r t  I of the s t ~ d v ,  whereas the 
remaining ccnfigurations were developed during P a r t  11 of the study. Signifi- 
cantly different user  service requirements were stipulated for P a r t  I1 of the 
study which impacted directly on the antenna, electronic and power require- 
mentr ,  and indirectly on all spacecraft subsystems. The changes that a r e  
viaidle in the configuratim drawings a r e  the addition of an adaptive ground b 
implemented phased a r r a y  (AGIPA) for the LDR service ,  and additional MDR/ 
HDR links, each of which require an independent antenna. These configura- 
tions a r e  depicted in Figure 2. For  clari ty,  some of the smal ler  antennas, I 

such as order  wi re ,  backup TT&C, and ground station to TDRS receive a r e  I 

omitted from the figure. 
I 
! 

F o r  both Delta configurations the antennas can be deployed froni one 
despun platform. F o r  the TDRS AC and TDRS SS the resulting antenna 1 
requirements a r e  significant, and spacezraft dynamic studies have shown 
that to  prevent excessive solar torque effects (frequency of attitude correctiolr 
maneuvers),  a reasonably symmetrical  antenna placement i s  mandatory. 

The Space Shuttle configuration design is  re la t ivi . !~ straight-forward; 
both end platforms a r e  despun and the Space Shuttle pa~vload Say diameter 
permits the TDRS antennas to be folded along the sides of the spacecraft; 
thus, both ends of the spacecraft  a r e  available for antenna mounting and 
deploymen;. 

Fo r  the Atlaa Centaur configuration, such a solution i s  not compatible 
with the payload fairing envelope and al l  antennas must be mounted to  one 
end of the spacecraft f rom which the AGIPA i s  deployed with an extendable 
mast down past the rotating cylinder to the position shown in Figure 2 .  
Such an  antcn~la deployment is not caused by the use of the Intelsat IV bus 
(adapted with the objective of providina a low cost design) but would apply to 
any Atlas Centaur launched dual spin TDRS configuration. 



LOR DELTA 1914 LAUNCHED 
CONFlQURATlON Ill 

DELTA 2914 LAUNCHED 
CONCICIURATION (2) 

ATLASCENTAUR 
LAUNCHLO WClCIURAt loN 

Figure 2. TDRS Configurations 



2.4 TELECOMMUNICATIONS SERVICE SUMMARY 

A summary of the telecomn?unications service available with the 
various TDRS configurations i s  shown in Table 3. In all cases  the dBW 
values given for the forward links a r e  the EIRPs which were selected, 
within toe TDRS power and mass  limitations, to minin- i:e the user impact 
in t e rms  of i ts  receiving antenna size. Fo r  the MDR users  an EIRP of 
47 dBW was r e q ~ i r e d  to meet the current Spsce Shuttle requirements. 

The percentages given in Table 3 show the available duty cycles per 
orbit. During an eclipse the szme duty cycle applies to the eclipse period 
itself. 

The essential changes between the Pa r t  I and P a r t  I1 configurations 
are:  

LCR - Addition of AGIFh; deletien of one forward charinel for 
TDRS AC and TDRS 2D zonfigurakions 

MDR - Addition of at least  one more  channel 

HDR - All new 

0 Reduced ground link weather margins for TDRS LL, 

The MDK and HDR service  i s  supported with 3.82 meter  parabolic 
antennas with S/Ku band feeds. The repeater electronics a1 u independent; 
thus, simultaneous links with MDR and HDR users  can be m~in ta ined  if they 
a r e  within the antenna be2m; otkerwise, each antenna can serve  only one 
MDR or  HDR user at a time. F o r  HDR user  service autotracking i s  provided. 
Order wire service i s  provided in all configurations. 

The LDR service is provided over a 30 degree field of view; i. e . ,  
up to 5000 km user altitudes. Up to LO users  can he accommodated 
simultaneousl~r asing a broadbcam UHF antenna for transmission,  and ii? 
P a r t  I1 a multiple-element AGIPA a r r a y  for reception. 
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PRECEDING PAGE BLKS'R NOT 

3. TDRSS OPERATIONS AND CONTROL 

The TDRSS operations and control involve three major functions: 

TDRS launch and orbital deployment 

TDRS on-orbit control 

a TDRSS telecommunication service operations 

Zach of these topics will be discussed briefly in the following 
subsections. 

3.1 TDRS ORBIT INSERTION PROFILE 

For  TDRS ID, TDRS AC, and TDRS 2D the TDRS launch and orbit 
insertion sequence is  essentially s imilar  to  that used for other s y n c h r o n c . ~ ~  
satellites; e. g. , Intelsat IV. The only exception occurs In the Space Shuttle 
l amch,  in which case all three  TDR satei!ices a r e  injected int a low altitude, 
circular orbit with one Space Shuttle flight, following which, a l l  three TDRSs a r e  
injected simultaneous into a synchronous t ransfer  orbit with the Transtage. 
After the t ransfer  orbit injection the TDR spacecraft a r e  separated from the 
Transtage and their remaining mission profile i s  alike to  the Intelsat IV. 

During the t ransfer  orbit ,  the TDRS telemetry and command will be 
accomplished with the S band backup telemetry,  tracking, and command 
(TT&C) system. The satellites will be reoriented in the apogee motor firing 
attitude pr ior  to the second apogee. Depending on the launch dispersions,  
an appropriate apogee will be selected for the apogee motor firing to 
achieve a favorable drift toward station after apogee injection. 

At the final station orbit,  t r i m  maneuvers to c i rcular ize  and synchro- 
nize the orbit will be performed. The antenna deployment will be performed 
at  the final station after the orbit t r im  maneuvers a r e  completed. 



The final 0rbi.t inclinations a r e  selected a s  a compromise between 
spacecraft mass ,  inclination biasing requirements,  and user coverage as  
follows: 

TDRS 1D 7 degrees 

TDAS AC 3 degrees 

TDRS SS 3 degrees 

TDRS 2D 7 degrees 

3.2 TDRS ON-ORBIT CONTROL 

A TDRS can be commanded via two different on-board systems. The 
pr imary system uses Ku band and the TDRS commands a r e  transmitted to  
the TERS along with all the forward link signals to be relayed to user space- 
craft. The backup slrstem uses  S band on the TDRS SS, AC, and 2D and V H F  
or, the TDRS 1D. Omnidirectional antennas a r e  provided for the backup 
TT&C. 

TDRs tracking i s  accomplished using the LDR forward iink. A signal 
i s  continuously sent to each TDRS on this link via the Ku band system. A low 
gain UHF antenna can be used to receive these signals a t  the ground station, 
where they a r e  processed to  provide range and range ra te  measurements for 
the TDRS. 

Additional tracking capability i s  available with the on-board S band 
ranging transponder which allows tr i lateration measurements f rom ground 
stations. 

The on-orbit control operations for the TDRS are:  

e East-west stationkeeping 

Attitude maneuvers 

0 S band and Ku band antenna pointing 

TDRS repeater channel settings 

The f rzquency of east-west stationkeeping maneuvers i s  approximately 
one maneuver every 100 days and the frequency of the attitude maneuvers i s  
one maneuver every 2 days. The satellite has sufficient angular momentum 
so that antenna pointing will not require any rea l  t ime attitude compensat i~n.  
The stationkeeping and attitude correction maneuvers do not require an 
interruption of the telecommunication service to  the users. 



3.3 TDRS TELECOMMUNICATIONS SERVICE OPERATIONS 

r h e  TDRS system consists of five rriajor elements: 1) GSFC 
cc int:lmications control and processing facility, refer red to  a s  GSFC.,  
2; u,.c:r and TDR spacecraft control centers ,  3) ground station, 
4: t r a  :king and data relay satell i tes,  and 5 )  user  spacecraft.  The overall 
functional relationship among these elements is shown in Figure 3. F i g -  
ure 4 illustrates how the TDRSS augments the current  ground network m d  
ttrnpLoys much of the existing scheduling, switching, and data processing 
capabiiity of GSFC. 
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Figure 3. TDRSS Functional Operations 

3.3. 1 GSFC Functioilr 
-, -- 
GSFC has che responsibility for scheduling the TDRSS communications 

5 rvices awl 1 roviding most data processing. The TDRSS link availability 
..L be defined by Network Scheduling and Control similar to the present 

NASA gr  ~ u n d  station scheduling and will be  forwarded to the u se r s  on a 
regula, schedule. The schedule provided to the users  and the TDRS control 
c e n t ~ i  will include the t imes that communication will be enabled and the 
rc: iy satellite through which this communication will occur. As is  the case 
a l th  the present gxcund network, al l  groups involved will regulate their  
activities in accbrdance with these schedules. The various users  wil! t rans-  
mit their  cor:jrna~ds to  a command p r o c e s s i ~ g  operation at GSFC, which will 
assemhl.: +he iorward link data s t ream in accordance with user requests,  
servica? :apabilit:;, and priority assignments. During the scheduled t imes 
this ?ata s t ream will be forwarded to the TDRSS ground station for t ransmis-  
a l x  t o  the user satellites. 
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Figure 4. TDRS Ground Network 

3.3.2 TDRS Control Centcr 

The TDRS control center (TDRS CC) originates commands for  the 
TDR satellites and forwards them to the ground station for transmission to 
the TDR satellites. These commands configure the repeater and point the 
steerable antennas, as well a s  produce housekeeping and subsystem control 
functions. 

3.3.3 TDRSS Ground Station 

The TDRSS ground station (TDRSS CS) is  the interface between the 
TDRS CC, CSFC, and the TDR satellites. All modulation/demodulation, 
multiplexing/demultiplexing, and R F  transmittinglreceiving is performed 
at this facility. 

Telemetry data after a f i rs t  level decommutation at the TDRSS GS 
will be transmitted to the existing data processing facility a*. GSFC. As is  
the case with the present ground network, the processed data nil1 be sent to 
the appropriate users ,  with TDRS data going to the TDRS CC. Orbit deter- 
m;nation for both the TDRS and user satellites is performed at CSFC and 
made available to the cser  program offices and to the TDRS CC which is  
responsible for TDRS control. 



3.  3 . 4  TDR Satellites 

The TDRS i s ,  operationally, the simplest of all the elements in  that 
is acts only as  a "bent pipe" that relays the signals received f r o n ~  the 
ground station to  the user and relays the user  signals to the ground station. 
The appropriate channel settings for MDR users  and the required antenna 
pointing will be commanded from the TDRS CC. 

3 .  3.5 User Telecommunications Terminal 

The users  equipment will, in principle, operate similarly to the TT'fi-C 
equipment in present satellites. The unique aspects a r e  the P N  coding for the 
LDR and MDR users  and the acqtiisition 2nd autotracking for HDR nsers .  The 
operational procedures for a l l  users  a r e  discussed in subsection 3 . 4 .  

3 . 4  USER SERVICE PROFILES 

To provide an understanding of the operational steps involved in 
establishing a link of each of the se rv ices ,  brief descriptions of the 
procedures a r e  given below. 

3 . 4 .  1 LDR Service Profile 

A typical sequence for LDR service to  a user spacecraft i s  illustrated 
in Figure 5. Position 1 represents the end of an occultation period durin; 
which TDRS E was not visible to the user  spacecraft. The user receiver is  
se t  to the TDRS E code, and is  automatically synchronized to  the signal 
transmitted from TDRS E. Following this signal acquisition (estimated !ess 
than 60 seconds), the user spacecraft is  ready to receive commands. If the 
user  i s  transmitting, ground receivers corresponding to that u se r ' s  codcd 
telemetry signal will acquire the u se r ' s  signal in less  than 60 seconds, after 
which range and range rate measurements may be made simultaneously with 
telemetry data reception. 

In position 2 the user  is  visible to  both TDR spacecraft ,  and a command 
i~ sent to the user via TDRS E to  change his receiver code to correspond to 
the signal from TDRS W. This change i s  followed by automatic acquisition 
of  he signal from TDRS W , position 3. Finally, in posltion 4 before occulta- 
tion, the user is  commanded to  change his receiver code back t c  TDRS E 
in preparation for communication following occultation. Note that only two 
receiver codes a r e  required for all users.  
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Figure 5. Low Data Rate Service Profile 

3.4.2 MDR Service Profile 

The operational sequence of events for establishing an MDR service 
two-way link with a user  i s  more straightforward than for  the LDR service 
because only m e  user  per  TDRS is accommodiited at  a time. Antenna 
pointicg and TDRS repeater frequency translation characterist ics to allow 
communications a r e  established in the following sequence: 

Scheduled service  or  priority override by S band order  wire  

Set TDRS receiver and transmit'cer channel frequencies 

a Point TDRS S band antenna at user by ground command 

Acquire signal and begin two way communications 



3.4. 3 HDR Service Profile 

In addition to signal synchronization, a major conslderati \n for the 
HDR links i s  the antenna beam acquisition and autotracking. The antenna 
half-power beamwidth will be less  than 0 . 5  degre:: for nlost HDR use r s ,  
necessitating special equipment for rapidly establishing the HDR user /  T D R S  
link. The basic equipment required i s  as follows: 

1 )  S band receiver with an omnidirectional arder~na 

2 )  Steerable, dual gain Ku band antenna 

Low gain - t ransmit  only 

IIigh gain with a trackicg feed - t ransmit  and receive 

The dua! gain antenna should probably consist o: two scparate ~ n t c n n a s  
and feeds rigtdly connected to each other with parallel boresights. Only the 
high gain antenna needs a tracking feed. With this equipment the acquisition 
sequence is  a s  follows: 

The TDRS i s  commanded to  point i t s  S/Ku band antenna at  the user 
( p ~ s s i b l e  to  at least  k1.0 degree accuracy) and an unmodulated 
c a r r i a r  i s  transmitted at  Ku band. 

The TDRS t ransmits  the following commands at S band which 
a r e  received, verified, and executed via the users  S band 
receiver with the omnidirectional antenna: 

Point antenna a t  TDRS (possible to at least *3 degree 
accuracy) 

0 Swkch Ku band power amplifier output to low gain antenna 

Turn off c a r r i e r  modulator 

Turn on t ransmit ter  

The TDRS performs a spatial scan and acquires the user 
c a r r i e r  

The user i s  commanded via S band to perform a scan acquisition 
of the TDRS signal 

Following acquisition, the autotrack system i s  automatically 
activated, the user switches its t ransmit ter  to the high gain 
antenna, and data transmission begins. 



The maximum time required to perform steps 3 through 5 above i s  
estimated to be 45 seconds. The t ime required for the antenna slewing of 
steps 1 and 2 will depend on the user ' s  position and the user ' s  antenna slew 
rates.  For  instance, with the T D R S  antenna slew rate  of approximately 
1 degree per second, slewing across  the ear th  disc will require approxim~te ly  
20 seconds. The user may be required to  slew a s  much a s  180 degrees ,  
which would take 120 to 240 seconds depending on i ts  positionrzr capability. 
The latter  delay could be eliminated by prepositioning the antenna for  the 
next communication period af ter  each transmission. 



4. TELECOMMUNICATION SERVICES 

The telecommunicat ions se rv ice  levels  provided by the TDRSS a r e  
summar ized  in th i s  section. The se rv ice  level  i s  identif-ed by the  bit r a t e  
which can be t r ansmi t t ed  to  o r  f r o m  a u s e r  spacecraf t  via a TDRS. In the 
following subsect ions the LDR, MDR, and HDR se rv ice  bit r a t e s  a r e  shown 
graphically a s  3. function of the pert inent  sys tem p a r a m e t e r s .  The p e r f o r -  
mance  level  of a l l  c -.figurations i s  shown in each figure. 

The MDF. and HDR se rv ice  i s  implemented with dual feed (S and Ku 
hand) antennas.  S band i s  al located fo r  MDR and Ku band 1s allocated f o r  
HDR service .  Due t o  th is  implementation, t i m e  shar ing  between the  MDR 
and s e r v i c e s  will  likely be requi red  for  any planned use  of the var ious  links. 
Although normal ly  this  wil l  not be a res t r ic t ion ,  the availability of suff i-  
cient power f r o m  the e l ec t r i c  power subsys tem should be verified f r o m  
Table 15. 

4 . 1  USER SYSTEM VISIBILITY BY TDRSS 

U s e r  visibility by the TDRSS i s  shown in F igure  6. The ordinate of 
the f igure r ep resen t s  a ra t io  of the  a r e a  visible t o  two TDRSs t o  the  total 
surface  a r e a  of a sphere  a t  thc u s e r  altitude. Such a ra t io  will  usually not 
r ep resen t  the  u e e r  visibility dur inz  any single orbi t ;  however,  i t  i s  a good 
quantitative charac ter iza t ion  of the a v e r a g e  u s e r  visibility. 

Note that for  orbi ta l  alti tudes above 5000 km a u s e r  will  be outside 
the TDRS antenna coverage pat tern (30 degree  cone' ?a r t  of the t ime ,  and 
u s e r  visibility will  d e c r e a s e  with i n c r e a s e s  in o rb i t a l  alti tude above th is  
l imit .  

4.2  LOW DATA RATE (LDR) SERVICE 

The LDR links betweec a TDRS and u s e r  spacecraf t  employ broad 
coverage sntennas ,  accommodating u s e r  spacecraf t  with orbi ta l  al t i tudes up 
t o  5000 km. All  TDRS configurations employ a s ingle UHF shor t  backfire 
antenna for  the  fo rward  link. The r e t u r n  link i s  implemented with a single 
VHF backfire antenna for  the TDRS 1D and with adaptive ground implemented 
?hase4 a r r a y s  (AGIPA) fo r  the  TDRS AC,  TDRSSS, and TDRS 2D. 
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F i g u r e  6. U s e r  Visibi l i ty  by TDRS 

The  des ign  of the LDR s e r v i c e  and  s igna l  p roces s ing  a l lows  
communicat ion with a m i n i m c m  of 2 0  u s e r s  p e r  TDRS f o r  both the  fo rward  
and r e t u r n  links.  

The  uce  of P N  coding i s  the m a j o r  s igna l  des ign  c h a r a c t e r i s t i c  and 
allowr, fou r  objec t ives  t o  be accompl ished:  1) mult ipath in t e r f e rence  i s  
r educed  due  t o  the  s p e c t r u m  sp read ing ,  2 )  ear th- inc ident  flux dens i ty  i s  
r educed  t o  m e e t  CCIl? r e q u i r e m e n t s ,  3 )  r ange  m e a s u r e m e n t  a c c u r a c y  i s  
improved ,  and 4)  code divis ion mult iplexing f o r  t he  r e t u r n  link is provided. 

Both f o r w a r d  and  r e t u r n  l inks a r e  affected by RFI.  The  geomet ry  
a s s o c i a t e c  with R F I  i s  i l l u s t r a t ed  in F i g u r e  7. E a c h  TDRS s e e s  m o r e  than  
40 p e r c e n t  of t he  e a r t h ' s  s u r f a c e ,  and  '.he LDR r e t u r n  link antenna co l lec ts  
no ise  power  f r o m  e m i t t e r n  in the  vis ible  region.  The  to ta l  E.FI noise  leve l  
v i s ib le  t o  t a c h  TDRS wil l  v a r y  siowly, nince e a c h  TDRS a lways  views the  
s a m e  l a r g e  region. A low a l t i tude  u s e r  spacec ra f t  v iews  a cons iderably  
pma l l e r  port ion of t h e  e a r t h ' s  s u r f a c e ,  and  t h e r e f o r e  i s  affected by a l e s s e r  
n u m l . e r  of R F I  e m i t t e r s  but i s  m u c h  c l o s e r  t o  t h e s e  em. i t te rs ,  effect ively 
rece iv ing  high power  f r o m  e a c h  e m i t t e r  t han  the  TDRS. A u r e r ,  o rb i t ing  
o v e r  high and low R F I  emikting reg ions ,  expe r i ences  a wide r ange  of R F I  
var ia t ions .  

The  bit  r a t e  capac i t i e s  of b2th t h e  LDR f o r w a r d  and  r e t u r n  l inks a r e  
l imi ted  by RFI. Since the  l eve l  of t h i s  i n t e r f e rence  h a s  not been r e l i ab ly  
d e t e r m i n e d  t o  da t e ,  in the subsequent  f i gu res  t he  bit  r a t e  capac i ty  of t h e r e  
l inks  i s  r e p r e s e n t e d  a s  a f u n c t i m  of t he  total  S F 1  level .  



Figure 7. RFIGeometry 

4 . 2 .  1 Forward Link 

rhe forward links a r e  t ime-shared; i. e . ,  only one user can be c o m -  
manded at a time per TDRS forward link. Furthermore,  synchronized 
sequencing cnf user  commands is required. However, there  i s  no system 
limit to the number of u se r s  to  which commands can be sent, since each 
command will have a user  identifying prefix that activates the command 
decoder of the intended user.  Other link features  include: automatic user  
acquisition, variable user  command format, and fixed timing. The fixed 
timing permits standardization c+f user  receivers  and simplifies ground s ta -  
tion operations and equipment. 

The frequency band chosen i s  the UHF Sand 400. 5 to 401. 5 MHz. 
This band was selected over a VHF band because: 1)  more bandwidth is 
available, 2 )  RFI i s  expected to be smal ler ,  and 3 )  it i s  a currently inter - 
nationally allocated band for space use. Although the signal parameters  
selected will depend on the RFI level 2nd desired link margins,  a preliminary 
baseline set is  given below: 

1 ) Command bit ra te  300 bps 

2 )  P N  code length 2048  

3 )  Chip (PN code symbol) rate 614 kchips/second 

4 )  Voice bit rate2" 9.6 kbpr 

::<'I'DRS 1 and TDRS SS only 



The  TDRS 1D and TDRS SS provide  two fo rward  l inks ,  while t he  
TDRS AC and TDRS 2D provide  one. On the  TDRS 1D one  i o r w a r d  link i s  
r e s t r i c t e d  to  25  percent  u sage  due t o  power  l imitat ions.  Both l inks  a r e  
u n r e s t r i c t e d  on the  rDRS SS. 

F i g u r e  8 shows the m a x i m u m  bi t  r a t e  a s  a function of the  R F I  power 
densi ty .  The  TDRS 2D h a s  approximate ly  1 d B  l e s s  t r a n r m i t t e r  power ;  t hus  
a n  E I R P  of 30 dBW can  be obtained only o v e r  a ! 9 .7  d e g r e e  FOV (equivalent 
t o  lOOC k m  u s e r  a l t i tudes) ,  However ,  the  E I R P  o v e r  a 30 d e g r e e  FOV i s  
only slightly deg raded ,  name ly ,  28. 5 dBW. 

The i3FI e f fec ts  dominate  o v e r  t he  mult ipath and the  t h e r m a l  noise  
e f fec ts  and resu l ;  in the  l i nea r  re la t ionship  on the r igh t  s ide  cCI t he  f i gu re ,  
while a t  low R F I  l eve l s  the  t h e r m a l  noise  and  mult ipath c:.ub,: t he  asy-lptot ic  
behavior  on the  left  aide of the f igure.  
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F i g u r e  8. Low Data Rate F o r w a r d  Link 



4. L. L Keturn Link 

The 1,DK r e t u r n  link al lows s imul taneous  t e l e n w t r y  recept ion f r o m  
up to  L O  u s e r s  p e r  TDRS. The  frequency band i s  136 t o  137 h!llz. 

The se lec ted  signaling and  mult iplexing techniques a r e  a s  follows: 

1 )  I l s e r  t e l e m e t r y  will be P N  code modulated t o  occupy the  e n t i r e  
1 MHz band 

2 )  Simultaneous mult iple  u s e r  t e l e m e t r y  s igna l s  a r e  code divis ion 
mult lple  ?d in the 136 t o  137 MHz 'oand; t hus ,  each  u s e r ' s  
P N  code will be different  

3 Convolutional encoding wil l  be employed on u s e r  t e l e m e t r y  f o r  
bit z r r o r  co r r ec t ion ;  link quality i s  improved  s ign~f i can t ly  with 
th i s  technique.  

The base l ine  approach  a s s u m e s  tha t  the r e t u r n  bit r a t e  i s  s t anda rd -  
ize? for  a l l  u s e r s  ( t h i s  i s  not a  s y s t e m  requ i r emen t ) .  C s ing  t h i s  a s s u n ~ p t i c r l ,  
the base l ine  p a r a m e t e r s  a r e  a s  follows: 

1 )  T e l e m e t r y  bit r a t e  1200 bps  

L ) Con~.olut ional  encoding r a t e  1 / 2  

3 )  1:N code length 51 1 

4 )  Chip r a t e  1 . 2 2  Mch ips / second  

The  r e t u r n  link pe r fo rmance  a s  a  function of R F I  i s  shown in 
F i g u r e  9. P e r f o r m a n c e  c u r v e s  a r e  shown fo r  a l l  four  TDRS configurat ions.  
The AGIPA p e r i o r m a n c e  c u r v e s  w e r e  obtained with a  Hughes computer  s i m u -  
lation using the AIL R F I  model  of October  1972. 

The AGIPA antennas  on the  TDRS A C ,  TDRS SS, and TDkS  2 D  con-  
f igura t ions  allow spa t i a l  d i scr imina t ion  aga ins t  RFI.  The  f igure  ind ica tes  
that  the  AGIPA antennas  provide a  cons iderable  improvement  ove r  the da ta  
r a t e  capabili ty with a  single a p e r t u r e  antenna.  At high R F I  l eve l s  the five 
e lement  AGIPA shows h ighe r  pe r fo rmance  than the four  e l emen t  AGIPA. 
However ,  t h i s  is much  s m a l l e r  improvement  than  tha t  of the four  e l emen t  
AGIPA o v e r  the s ingle  a p e r t u r e  antenna. The five e l emen t  AGIPA wil l  p r o -  
vide a l a rge  improvement  ove r  the four  e l emen t  AGIPA if the R F I  l eve l  i s  
low, but in t h i s  c a s e  t h e  four  e lement  AGIPA, and poss ib ly  even the  s ingle  
a p e r t u r e  antenna,  m a y  be adequate ,  providing :iata r a t e s  g r e a t e r  than 
1 kbps. The r e s u l t s  shown in t h e  f igure indicat.- ~ 1 ; ~ t  t h e  four  e l emen t  
AGIPA p rov ides  a highly adequate  pe r fo rmance  level .  



The ranges  of performance shown fo r  each TDKS configuration a r e  
due to  the fact that R F I  suppression depends on the position of the  u s e r  
spacecraft  with respect  to  the spat ial  distr ibution of the RFI  sources .  

S imi la r  to the forward link, the asymptotic  behavior of the  curves  
on the left s ide of the f igure i s  due t o  t h e r m a l  noise and multipath plus c r o s s -  
corre la t ion  noise. The l inea r  behavior oil the  right s ide of the  f igure  i s  due 
'-0 the dominance of the RFI  over  these  o ther  noise sources .  
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Figure  9. L o w  Data Rate Re tu rn  Link 

User  Trackmg 

Tracking r e f e r s  to  range and range ra te  m e a s u r e m e n t s  f r o m  which 
u s e r  orbi ta l  p a r a m e t e r s  can be derived.  The geometry depicted in F igure  10 
shows the  four segments  that a r e  involved in the requi red  two-way t r a n s -  
miss ion .  Thus,  four  t r a n s m i t t e r s  and four r e c e i v e r s  a r e  active in th is  
p r o c e s s ;  two of each a r e  on the TDRS. 



RANGE - TIME DELAY 

RANGE RATE - DOPPLER SHIFT 

TIME SYNCHRONIZED 

USER DETECTION 

Figure  10. User  Tracking 

Range ra te  measurement requires  the determination of total  doppler 
shift a t  the ground station, and thus requires  phase coherence of the three 
oscil lators in the r e  spective terminals  a s  shown. Measurement of range 
requires  t ime delay determination in the round t r i p  signal transmission; 
thus, timing synchronization i s  required. The use of P N  codes in the low 
data ra te  services  automatically provides this synchronization a t  both user  
arld ground station. 

A particular operational advantage of the signaling cot~cepts used 
here  i s  that rince the u se r  spacecraft receivers  actomatically acquire and 
synchronize to the signal transmitted f rom a TDRS, both range and range 
measurements can be made simultaneous with telemetry reception, and no 
forward link commands a r e  required. 

Figure 11 shows the estimate of the r m s  range measurement uncer-  
tainty in the forward and return links a s  a function of RFI noise density for 
the TDRS SS, AC,  and 2D configurations employing the AGIPA. The total 
r m s  uncertainty i s  the sum of the tb-2. 
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4.3 MEDIUM DATA RATE (MDR) SERVICE 

The MDR service requires high gain antennas on each TDRS. These 
antennas have the angular freedom to follow user  spacecraft In orbit  with 
altitudes up to 5000 km. Because of the narrowbeam antenna pattern, two- 
way communication is possible with only one user  spacecraft at a time via 
each antenna. 

Fo r  every conliguration the TDRS repeater has  been designed to 
accommodate a 1 Mbps data ra te  on each re turn link. The S band t r ans -  
mit ters  operate at  two power levels, providing two EIRP level.: 47 and 
41 dBW. 

The wide5and phase coherent repeater allows range and range ra te  
m e a s u r e m ~ n t s  to be made by almost any method >refer red  by the user .  In 
addition, capability i s  provided to position the t ransmit  (forward link) 
30 MHz band, anywheie in the 2038 to 21 18 MHz frequency range and to 
position the receiver ( re turn link) 10 h a z  band anywhere in the 2200 to  
2300 MHz range. 

The TDRS 1D has  only one MDR link, the TDRS AC and TDRS 2D 
each have two, and the TDRS SS has  three.  

Forward Link Calculations and Pa rame te r s  

The forward link data rate i s  based on the following link equation: 

Bit ra te  (Rb) = User  antenna gain (CU) t TDRS EIRP 

- Space loss  (Ls )  

- Pointing and ellipticity losses  (L  ) 
P 

- Receive losses (Lr,) - Boltzmann's constant (C  ) 
F, 

- Reciving system noise temperature (T ) 
S 

- Required bit energy-to-noise density (Eb/q) 

- Link margin (M) 

where each t e r m  is expressed in decibel units. Table 4 l is ts  the values of 
the above parameters .  Note that the Space Shuttle service includes a higher 
quality receiver (T,), coding (Eb/q) and a link margin (M). 



TABLE 4. MDR FORWARD LINK PARAMETERS, dB 

Parameter I MDR User Service, 
TDRS EIRP, 41 dBW 

4 . 3 . 2  Forward Link Performance 

Total 

Space Shuttle Service, 
TDRS EIRP, 47 dBW 

- - -  - 

-191.3 

-1.0 

-3.0 

228.6 

-27.3 (540K) 

-4.4 (with 
coding) 

-3.0 

- 

- 

- 

Each AADR forward link is identical on al l  configurations, the 
difference E between the configurations a r e  the number of links provided (sum- 
marized in Table 3 ) .  Figure 12 re la tes  the maximum data ra te  to the user  
antenna gain for a TDRS EIRP of 4 1  dBW, which i s  planned for unmanned 
MDR users .  The assumptions for the performance calculations a r e  con- 

-6.4 

GU + Eiii? - 6.4 

tained in section 4. 3. 1. 

-1.4 

Gu+ ElRP- 1.4 
1 

L\SsUMPTlONS: 
0 3dB USER RECEIVE LOSS 
0 800 K USER SYSTEM NOISE 

TEMPERATURE 

81PHASE PSK 
.Pa < 1 0 6  

I I I 1 I 
9 6 10 16 20 -6 

MOR USER ANTENNA GAIN, 0 8  

Figure 12. Medicm Data Rate Forward Link 

28 



The available forward link service to the Space Shuttle i s  shown 
parametrically in Figure 13. Time division multiplexed digital signals at 
a ra te  of 54 kbps (comprised of two delta-modulated voice signals a t  
24  kbps and 6 kbps of encoded date)  can he accommodated with the currently 
planned 3 dB gain Space Shuttle antenna. The assumptions used in deriving 
the figure (summarized in section 4. 3. 1) a r e  consistent with current GSFC/  
MSC specifications. 

80 - 

0540 K R E C E I V E  
T E M P E R A T U R E  

RATE 113 CODING' 

.10 4 -6 1 -2 0 2 4 6 8 10 

SPACE SHUTTLE ANTENNA GAIN. DB 

Figure 13. Space Shuttle Service Forward Link 



4. 3. 3 Return Link Calculations and Pa rame te r s  

The return link data rate i s  based on the following link equation: 

Bit Rate (R ) = User antenna gain (GU) t User radiated (PRF) b 

t TDRS antenna gain (G) - Space loss  (Ls)  

- Pointing and ellipticity losses  (L ) 
P 

- Receive line losses  (L r )  - Boltzmann's Constant (CB) 

- Receiving system noise temperature (Ts )  

- Required bit energy to noise density (E /q)  b 

- Margin (M)  

where each t e r m  i s  in decibel units. Table 5 l is ts  the valuea of the above 
parameters .  

The t e rm used to  characterize the individual TDRS configurations i s  
G/LrTs.  The ~ a r a m e t e r  values a r e  given in Table 6. 

TABLE 5. MDR RETURN LINK PARAMETERS, dB 

1 I 

I Total I 35.4 1 40.7 

Parameter 

f ' ~  F 

LS 

'- P 

CB 

Ebb 
M 

MD R User Service 

10.0 

- 192.7 

-0.5 

228.6 

- 10.0 

0 

Space Shuttle Service 

13.0 

-192.7 

-1.0 

228.6 

-5.2 

-2.0 



4.  3 . 4  Return Link Performance 

TABLE 6. .TORS CONFIGURATION MDR 
RETURN LINK PARAMETERS, dB 

The return link performance has  been improved for Part I1 con- 
figurations. The link performance curves for MDR user  and Space Shuttle 
service are  shown in Figures 14 and 15, respectively. The user  antenna 
gain i s  selected a s  the independent parameter in both figures. 

Parameter 

G 

TS 

Lr 

a a I to 11 20 

USER ANTENNA QAIN. dB 

Figure 14. Medium Data Rate Return 
Link 

TORS I D  

36.7 

-28.6 

-2.2 

TDRS AC, 
7'0 RS SS, 
TDRS 20  

36.2 

-26.0 

-0.8 



For  the Space Shuttle. a r ldiated power of 40 watts and 3 dB line 
losses have been assumed. Detailed assumptions for the performance cal- 
culations a r e  contained in subsection 4. 3. 3. 

Figure 15. Space Shuttle Service 
Return Link 

4.4 HIGH DATA RATE (HDR) SERVICE 

This service is  accommodated for the P a r t  11 configurations by the 
use of steerable reflector antennas of 3. 82 meter  diameter. These a r e  the 
same dual feed (S and K u  band) antennas which provide MDR service. thus 
time sharisg.with the MDR service will be required. K u  band i s  used for 
the TDRS/user HDR links. High data r a t  service io not provided by the 
TDRS 1 D configuration. 

The various link and TDRS configuratior. parameter. used in the link 
calculations a r e  summarized in Tables 7 and 8. 



TABLE 7. HDR LII  

I Forward Link 

Ls = -208.9 

Lp = -1.2 

Lr = -2.0 

Cg = 228.6 

TS = -31.1 (1280K) 

Ebb = [ -12.1 (SS and AC) 
-11.1 (2D)* 

M = -0.5 

-27 2 (SS and AC) 
Total { -26.2 (2D) 

: PARAMETERS, dB 

Return Link 

Total = 17.5 

I Rb = Gu + EIRP - 26.2127.2 I Rb = Gu + G/LrTS + 17.5 

'Lower data rates 
*'Includes 2.5 dB demodulation degradation and 3.0 dB ground link degradation 

4.4. 1 Forward Link 

TABLE 8. TDRS CONFIGURATION HDR RETURN 
LINK PARAMETERS, dB 

The performance of the three configuration~ providing HDR service 
a r e  shown in Figure 16. The TDRS AC and TDKS SS have identical t r an r -  
mittere capable of two power levels and their performance ie equal. The 
TDRS 2D has a smaller t ransmit-er  with a fixed power level which resulte 
in a lower performance level. 

TDRS 2D 

51.9 

-31.7 

-2.3 

17.9 

r 

Parameter 

G 

TS 

Lr 

GILtTS 

TORS AC and TD ES SS 

51.9 

-28.7 

-2.0 

21.2 



T y ~ i c a l l y ,  with a 2 m e t e r  antenna,  on the u a e r ,  the TDRS A C  and 
TDRS SS a r e  capable of relaying up to  50 Mbps, which i s  a lmos t  twice the 
equivalent requi rement  f o r  commerc ia l  television. The TDRS 2D with a 
reduced forward  link capability can s t i l l  re lay  up to  90 kbps for  the s a m e  
u s e r  antenna size.  

The u s e r  antenna gain h a s  been converted into r lec tor  d iamete r  
assuming a 50 percept  a p e r t u r e  efficiencv. In the  dete. . ,   inat at ion of the 
requi red  Eb/q value, 1. 5 dB was  added to the  theoret ical  requiremerlt  to  
account fo r  imperfec t  demodulator  operat ion when receiving f r o m  the 
TDRS 2D. This  allowance was  inc reased  to  2 .  5 dB fo r  the higher data r a t e  
TDRS AC and TDRS SS configurations. 

&SSUW'-~lONS: 
USE. 31SE TEMPERATURE 
-1280 rS 
81PHASE CSK 

Pa - 1 0-1 

0 NO CODING 
0 .1  dB MARGIN 
60% ANTENNA EFFlClENCV 

USER ANTENNA DIAMETER, METERS 

Fipure 16. H i ~ h  Data Rate Forward Link 



4.4.2 Re tu rn  Link - 
The TDRS SS p rov ides  two HDR l inks ,  e a c h  r e s t r i c t e d  t o  da t a  r a t e s  

of 100 Mbps o r  l e s s  due t o  bandwidth l imi ta t ions  in t he  TDRS to  ground link. 
The  TDRS AC and TDRS 2D provide  only one HDK l ink and the  addi t ional  
ava i lab le  bandwidth will  a l low da ta  r a t e s  up 20 200 Mbps.  

The  r e l a t ive  pe r fo rmance  of the  TDRS SS and TDRS AC and TDRS 2D 
a r e  shown in F i g u r e  17. These  r e su l to  contain the  following a s sumpt ions :  
1 )  u s e r  rad ia ted  power of 10 wat t s ,  2 )  convolut ion~tl  encoding f o r  e r r o r  c o r  - 
r ec t ion ,  and  3 )  u s e r  an tsnna  eff ic iency of 50 pe rcen t .  It should be noted 
t h a t  rad ia ted  power i s  tha t  which is emana ted  f r o m  the  antenna feed and  i s  
not the  s a m e  a s  t r a n s m i t t e r  power ,  which m u s t  be l a r g e r  t o  allow f o r  l ine 
l o s s e s .  F o r  rad ia ted  power  l e v e l s  of l e s s  than  10 wa t t s ,  both c u r v e s  in the 
f igu re  wil l  shift  lower ,  but wil l  main ta in  the s a m e  r e l a t ive  spacing.  

ASSUMPTIONS: 
0 10 W RADIATED 

?OWE R 
0 CONVOLUTIONAL 

COOING 

0 Pa- 10- 5 

0 1 dB MARGlN 
80% ANTENNA 
ECFlClENCY 

USIR ANTENNA OIAMITCR. MITERS 

F i g u r e  17. High Data Rate R e t u r n  Link 



4 .5  COMPARISON O F  LINK DESIGNS 

In compar ing  the  te lecommunica t ions  seyvice  of the four  T D k S  con-  
f igura t ions ,  it i n  app ropr i a t e  t o  point out t he  link c h a r a c t e r i s t i c s  tha t  a r e  
common t o  a l l  configurat ions.  These  a r e  shown in Table  9. 

TABLE 9. TELECOMMUNICATIONS SEiiVICE CHARACTERISTICS 
COMMON TC, ALL CONFIGURATICNS 

-- 
Link -- 

Sew ice Relrlrn Forward 
--- --- 

LDR' 1 1  20 users simu!taneously 1 )  S~nglc 3perture short backfire antenna 

(VHFIUHF) 
2) Code division 2) Time shared 

multiplexing 

3) 136 to 137 MHz 3)  400.5 to 401.5 MHz 

MDR 1 ) 1 Mpbs design data rate 1, Two El RP levels 47 and 41 dBh' 

(S band 
2) Variable frequency in 2) Vaiiakle fr qbency in 2038 to 
2220 to 2300 MHz 21 18 MH;! 

1 3) Order wirc service 1 

7 .  (Ku band) 
T O  M b p  design data rate 

N o t  available ~ i t h  TDRS 10, 

The 1.DR :orward iink e m p l c y s  the IIHF band while the  r e t u r n  link 
u s e s  the  V I i F  band. A single  a p e r t u r e  LIiF  antenna  i s  uszci. T w e n L j  LDR 
u s e r s  s igna l s  m a y  be r e tu rned  simu1tar~eous;y via e a c h  TDRS. 

The  MDR s e r v i c e  employs  S band f r e q u e n c i e s .  All  configurat ions 
employ  f o r w a r d  l i ~ k  t r ans tn i t ce r s  with two se lec tab le  power l eve l s ,  and  the 
xe turn  l inks are des igned  f o r  1 Mbps. A 10 MHz channel  for bolh f o r w a r d  
and  r e t u r n  i inks m a y  be chosen  anywhere  in t h e  r e spec t ive  bands  of app rox i -  
m a t e l y  80 MHa.  In addition, a n  o r d e r  w i r e  s e r v i c e  is provided which a l lows  
a manned  spacec ra f t  t o  r eques t  the MDR se rv i ce .  

HDR s e r v i c e  i s  provided only by 13RS AC, TDRS SS, a a d  TD!: S 2D. 
Ku  band w a s  se l ec t ed  o v e r  X band f o r  t h i s  s e r v i c e  because  3 f  the  l e s s e r  
impact  on  the  urrer. 



Table 10 l ists  those major parameters  related to  each service which 
differ between configurations. The details on the relative performances of 
the links has been treated i ~ .  Lhe previous sections. 

The EIR? includes transmitter power, antenna gain, and line 10:s. 
G/LT includes the effect of antenna gain, line losses ,  and a l l  receiving sb-s - 
tem c o k e .  The larger the number in any row, the better the performance 
or  greater tire capability. 

TABLE 10. TELECOMMUNICATIONS SERVICE CHARACTERISTICS 

LD R 

MDR 

HD R 

- 

Launch Vehicle 

Part I 

Sewice Characteristic 
I 

Part Ill 

Forward 

TDRS l D  

Return link antenna I Single antenna 

Return G/LT, dE1K I - 1 21.2 
I 

TDRS AC 

Number of Links I 2 I 1  

5 eleme 

Number of two-way links 

Return GILT, dBlK - 
Number of two-way links - 
Forward E I RP, dBW 

TDRS SS 

t AGlPA 

30 

. 
EIRP, dBW 

- -- 

1 

5.9 

0 

- 

4 element 
AGlPA 

30 

- - - - - 

2 

9.4 

1 

59151 

The TDRSS SS provides the highest level of service,  while the 
TDRS 2D provides the minimum adequate level of services. The TDRS AC 
i s  a mixture of the two. The TDRS IT) provides the highest grade LDR for-  
ward link, (as  does the TDRS SS), but is  poorer in LDR return,  MDR return,  
has  less  MDR links and provides no HDF. service at  all. 
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5. TELECOlLlMUNICATION SERVICE SYSTEM 

The TDRSS telecommunication service system consists of four major 
elements: 

TDRS telecommunication subsystem 

TDRSS user equipment 

TDKSS ground station 

GSFC facilities for  network scheduling and control, orbit deter-  
mination, and data processing. 

The f i r s t  three elements will be briefly discussed in the followi~lg 
sections,  whereas the GSFC facilities will not be discussed in this report. 

5.1 TDRS TELEC;OM!VIUNICATION SUBSYSTEM 

The telecommunication subsystem interfaces witb the ground station 
a t  K u  band and with the users  ir- the VHFIUHF bands, S band and Ku band. 
UHF and VHF a r e  used to  commu3icate with LDR users ,  S band and K u  band 
a r e  used to communicate with MDR users  and HDR users ,  respectively. 
The TDRS receives simultaneously scveral  different Ku band c a r r i e r  f re -  
quencies from the ground station. These c a r r i e r  frequencies a r e  shifted 
to  a low IF ,  amplified, divided in a power divider and distributed to various 
polnts within tbe TDRS repeater. 

Figure  18 illustrates in extremely simplified form the basic functions 
of the TDRS : .;?eaters for all TDRS configurations. The forward LDR sig- 
nal i s  receiverl-from tt.e ground station via an ear th  coverage K u  band horn. 
The frequency synthesizer reference beacon and TDRS ccmmands a r e  a l so  
received via this antenna, but a r e  not shown in the diagram. All re turn 
signals a r e  transmitted to  the ground station via a s teerable ,  high gain 
Ku bsnd antenna. 

LDR forward link from TDRS to users  employs a UHF transmit ter  
and single aperture antenna. The re turn link from user spacecraft employs 
a VHF zntenna or  antenns a r r a y ,  depending on the TDRS configuration. 



TORS SS O N L Y  TDRS SS.AC. 9 N D  2 0  0 A L L  CONFIGURATIONS 
0 
(D m 
i 
U 

H O R N  L O N  D A T A  RATE C 

ORDER WIRE S BAND 

IAND 
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F i g u r e  18. TDRS Repeater  Functions 

The o r d e r  wi re  channel has an S band ceceiver  and a separa te  smal l  
backfire antenna. The MDR llnks employ 3 . 8 2  mete r  d iamete r  ref lector  
antennas., and for  the  TDRS SS, TDRS A C ,  and TDRS LD t hese  ref lec tors  
have dual feeds (S and Xu band) and a r e  sha red  with the HDR service .  

The TDRS S band t r a n s m i t t e r  h a s  a 30 lMHz bandwidth tunable within 
the 2038 t o  2118 MHz band. A slngle u s e r  i s  se rv iced  by each S band t r a n s -  
mi t t e r  and rece ive r .  The rece ive r  opera tes  in the 2200 t o  2300 MHz band. i 
The S band rece ive r  h a s  a 10 MHz bandwidth, and a s  in the case  of the t r a n s -  
mi t t e r  m a y  be tuned in 1 MlIz s teps .  Thus,  the S bznd sys tem i s  capable of 
operat ing a t  any frequency within the assigned frequency bands and provides 

- 9 '  
I. " 

- 

3. "bent -pipe1' sys tem.  

The TDRS SS provides a l l  the  units shown in F i g u r e  18,  while the  
TDRS AC and T D H S  2D have one l e s s  two-way MDR and HDR channel and 
one l e s s  3.  82 m e t e r  ref lector .  The TDRS 1D has only one 3. 82 meter  
ref lector  with an S ba.~d feed; thus ,  i t  provides only one MDR channel in 
addition to LDR and o r d e r  wi re  service .  

F igure  19 adds m o r e  deta i l ,  but s t i l l  i s  a s implif ied block d iagram 
the  TDRS repeaters .  The  =!lm of 211 rpt l i rn  M D R :  LDR, o r d e r  w i r e ,  and 
TDRS te lemet ry  signals  is amplified l inearly with a K u  band TWT output 
stage. Lineari ty i s  achieved by operating backed nff be!ow sa tura t ion  power 
by 5 dB o r  m o r e ,  depending on the  signal sum level. This  l inehr amplifica- 
tion is requi red  to  reduce intermodulation noise and to  reduce distort ion in 
the code division multiplexed LDR channels which must  be combined and 
p rocessed  a t  the ground station. 





R F  s w i t c l i i n ~  c i rcu i t s  a r e  provided on the  rDRS A C ,  TDRS SS, and 
TDRS 2 D  s o  that two of the S/Ku Sand antennas a r e  available for  maintaining 
the ground link if the p r i m a r y  ground link antenna should fail. 

5. 1 .  1 TDRS Receivers  

Low noise  t r a n s i s t o r  r ece ive r s  a r e  used extensively in all  r epea te r  
clesigns. In addition, tunnel diode anipl i i ie rs  and pa ramet r i c  ampl i f ie rs  a r e  
included in s e v e r a l  re turn  links. An overview of the s1g:iificant r ece ive r  
cha rac te r i s t i c s  is  provided in Table 11. 

The nomenclature employed in Table I 1  i s  a s  follow;. The f i r s t  
number  in any box indicates t h z  rece iver  noise t empera tu re  11. kelvins,  it i s  
followed by a designation of the r ece ive r  type: 

t r a n  = t r a n s i s t o r  

T DA = tunnel diode amp1 if ier  

para.mp = p a r a m e t r i c  atnplifier 

and the  las t  n ~ l ~ ~ i b e r  i rd ica tes  t h e  number of operational rece ivers  in the  
repeater. 

TABLE 11. TDRS REPEATER RECEIVER CHARACTER ISTICS 

1 Frequency TORS I D  TDRS AC TDRS SS TDRS 2D 
I 

Return 
I 

420ltran 420ltran 
! (10) (10) (L) 

users 
420itran lOOlparamp1tran 1 1OOipararnpltran 100lparampltran 

( 21 
I 

(1) (3) (2) - 
HD R Ku I None 440lparamplTDA 

I 
(1 

I 

and HDR . 

a O O O I a n  
from 
ground 
station None 

*LDR and MDR for TDRS I D  only 
"TDRS SS, TDRS AC and TORS 20  

11 70lTDA 

2600ltran 

1 D  "70lTDA 

2600ltran 26001tran 



One of the more  str ingent requirements for the pa r t  I1 configurations 
is  the law noise temperature  .:needed for  MDR re turn  iink to  satisfy the Space 
hhuttle service  requirements.  The paramet r ic  amplif iers  in the HDR re tu rn  
links for T D R S  Ac and rDRS SS a r c  included to mininlize the use r  i:npact. 
In the r D R S  21;. nlass contif l~ency limitations precluded this feature. 

5. 1. 2 TDRS Transmi t t e r s  

The t ransmi t t e r s  have received special  attention in al: the repeater  
designs,  since their  power levels and power conversion efficiencies a r e  
cr i t ica l  in determining the spacecraft  power requirements.  A sumtnary of 
the t r ansmi t t e r  character is t ics  i s  given in Table 12. 

The entr ies  in Table li show the dc power in watts and the E I R P  in 
dBW. Two entr ies  within one block indicate two available power Levels 
selectable upon command. The numbers in parenthesis  indicate the number 
of operational units. 

Only one t ransmi t  level is  available a t  UHF in TDRS 2D and I'DRS A C ,  
since simultaneous command and voice is not required a s  in TDRS 1D and 
TDRS SS. All MDR transmit ter  fea ture  two power levels. K u  band TW I' 
amplif iers  with two power levels a r e  a lso  used in the TDRS AC and I'DRS SS 
forward link to the HDR users .  A solid s t a te  fixed power t ransmi t t e r  at  
Ku band is  used in the TDRS 2D. 

TABLE 12. TDRS REPEATER TRANSMITTER CHARACTERISTICS 

Part l 

Transmitter Frequency TDRS I D  

UHF 280133 (1)  
141130 

S 91147 
to user 2314 1 

I 

Part I l 

TDRS AC TDRS SS 

146130 (1) 
146130 

I HDR I Ku / None 

Return 
to MDR 
ground 
Ntion I HDR I Ku I None 30159 (2) 

8.6151 8.6151 

TDRS 2D 

110129 (11 



The re tu rn  link t r ansmi t t e r  designs for  the r epea te r s  differ largely 
because of differing ground link designs.  For the TORS SS and TDRS AC 
configurations a 3 .  85 m e t e r  antenna i s  used to  inc rease  the  ground link 
capacity. 

5 . 2  USER EQUIPMENT 

User  t ransponder  equipment should be constructed using design 
approaches descr ibed for the rDRS repea te r s .  The  principal  d i f ic rence  in  
the detailed design i s  that  the u s e r  equipment must  opera te  in the compli- 
mentary  t r a n s m i t  and receive  bands. Minimum m a s s  designs a r e  requi red  
to  minimize the  impact on u s e r  satel l i tes .  The power consumption of power 
ampl i f ie rs  and t r ansce ive r  equipment must  a lso  be minimized by using high 
efficiency components in the i r  design and construction. Both LDR and MDR 
u s e r s  requi re  sp read  spec t rum equipment. 

A complete S r 3 N  bround stat ion and TDRSS compatibility i s  assurned;  
thus ,  the  u s e r  equipment shown i s  a  c o ~ i ~ p l e t e  TT&C package with the excep- 
tion of digital decoding and encoding equipment. Complete redundancy i s  
included. The m a s s  and power cha rac te r i s t i c s  a r e  suunmarized in Table 13. 

5 .2 .  1 LDR User  Equipment 

The LDR u s e r  equipment, including pseudo noise c o r r e l a t o r s  is  
planned with microwave integrated c i r cu i t  construct ion to minimize equip- 
ment m a s s  and production costs .  The recc ive r s  utilize a  t r a n s i s t o r  preamp-  
lifier t o  achieve a modera te  noise f igure ,  as R F I  will general ly l imit  the 
command link pe r fo rn~ance .  ~ r a n s l - n l t t e r s  featur  high e f f i c iAcy  t r a n s i s t o r  
power ampl i f ie rs  developing 5 watts  of output power. Overal l  efficienty of a  
t r a n s m i t t e r  i s  es t imated  t o  be 30 percent .  F o r  equipliient operation p r i o r  to 
acquisiiion of the TDRS c a r r i e r ,  a  c rys ta l  osc i l la tor  provides the frequency 
re fe rence  i o r  the transponder.  A n  o*nr.idirectional whip a r r a y  Antenna may 
Le used on sa te l l i tes  using the  LDR service .  

5.2.  2 MDR U s e r  Equipment 

The S band MDR u s e r  equipment, a s  for the LDR u s e r s ,  i s  a l so  
impieniented with microwave integrated c i rcui t  construction. Command 
rece ive r s  utilize a t r a n s i s t o r  p r e a n ~ p l i f i e r  to achieve a modera te  noise 
f igure.  A 5 watt t ransnl i t te r  is provided. 'The required linlc performance of 
1 Mbps may be achieved with this  t r ansmi t t e r  power and with a direct ional  
antenna with approximately LO dB gain. The direct iondl  antenna is control led 
by commands received Lhrough an  omnidirect ional  antenna. A mechanical 
posi t ioner with s t epper  motor dr ive  is used to position the antenna. Applica- 
tions requir ing lower data r a t e s  nlay be imp1en:ented with an a r r a y  of antennas 
which a r e  switched t o  achieve bean1 steering.  Reams a r e  broad and can be 
controlled by computer  generated ground comn!ands. 



TABLE 13. USER TELECOMMUNICATIONS EQUIPMENT 

l tem 

LDR Uscr VHFIUHF 

Telemetry transmitter* 

VCO control and frequency gcnrratm 

Acqu~s~tion and d a t ~  correlator 

Antrnnas 

MDR User ( 1 Mbps) S Band 

Command receiver 

Telemetry transmitter* 

Frequency synthesizer 

Signal processor 

Piplexer 

Antenna, omnidirectional 

Antenna, directional 

Gimbal 

Gimbal driver 

HDR User ( 100 Mbm) K u  Band 

Command receiver, S band 

Telemetry transmitter, S band 

Tracking receiver, Ku band 

Telemetry transmitter*', K u  band 

Frequency synthesizer 

Signal processor 

Diplexer, S band 

Diplexer, Ku band 

Antennas, S band 

Antennas, K u  band 

Gimbal 

Gimbal driver 

5 watts RF power 

Number 

2 

2 

2 

2 

1 set 

2 

2 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

2 

" 12 watts RF power 

Mass, kg 

5.8 - 

1 .o 
2.0 

0.3 

1 .o 
1.5 

14 9 

Power, watts 



The  Space  Shuttle communica t ions  r equ i r emen t s  can be met  fo r  the  
r e t u r n  link with a  t r a n s m i t t e r  power leve l  of 40 wat t s  and a  3 dB gain omni-  
d i rec t iona l  antenna;  and with a  low no i se  p a r a m e t r i c  p reampl i f i e r  in the  f o r -  
w a r d  link. T h e  m a s s  and power r equ i r emen t s  of such  a t r a n s c e i v e r  have not 
been est iniated.  

5. 2. 3 FIDR I - s e r  Equipment  ---.. 

T h e  I I P R  u s e r  equipment  cons i s t s  of a  l iu  band t r a n s t n i t t e r ,  a  Ku band 
t racking  r e c e i v e r ,  a  Ku band d i rec t iona l  antenna and S band t r a n s c e i v e r  
equipment  l o r  init ial  acquisi t ion and f o r  any d i r e c t  contact  with ground s ta t ions .  
T h e  Ku band t r a n s m i t t e r  ut i l lzes  a  TWT ampl i f i e r  and a  r e c e i v e r  implemented  
with waveguide c i r cu i t ry .  F o r  a  da ta  link opera t ing  a t  100 Xlbps, a  12 watt 
R F  power t r a n s m i t t e r  opera t ing  with a  TDRS 3 .  82 m e t e r  an tenna  suff ices .  
The antenna half-power beamwidth wil l  be l e s s  than 0 . 5  d e g r e e  f o r  m o s t  HDR 
u s e r s ,  which n e c e s s i t a t e s  spec i a l  equipment  f o r  rap id ly  es tab l i sh ing  the  HDR 
u s e r / T D R S  link; a n  au to t rack  s y s t e m  i s  a l s o  provided t o  main ta in  c o r r e c t  
pointing a f t e r  link acquisi t ion c s e e  sec t ion  3 . 4 .  3 ) .  The antenna is posi t ioned 

rve r . with a  mechan ica l  m o t o r  employing a  s t eppe r  m o t o r  d r '  
f 

5 . 3  G R O L S D  S I A T I O N  

T h e  TDRSS ground faci l i t ies  cons is t  of four  m a l o r  e lements :  1 )  ground I 

s ta t ion ,  21 GSE'C switching,  p r o c e s s i n g ,  and network cont ro l ,  3 )  TDRS con- 
t ro l  c e n t e r ,  and 4) u s e r  cont ro l  c e n t e r s .  The re la t ionship  between t h e s e  $ 

: l ements  i z  shown in F i g u r e  20. 

I------ - 

TDRS E I 

I 

I 

TDRS W 

I 
I 

GROUND STAT ION 

T E R M I N A L  I.... 
T R A N S M I T T E R S  
R E C E I V E R S  
F R E Q U E N C Y  
C O N V E R S I O N  
F I L T E R I N G  

k ,  , 

T E R M I N A L  

S I G N A L  PROCESSING: 
MULTlPLEXItJGI  

DEMULTIPLEXING 
MODULATION/ 

DEMODULATION PROCESSING AND 
CODING/DECODING NETWORK CONTROL 

T D R S  CONTROL p- 
F i g u r e  20. TDRSS Ground F a c i l i t i e s  



The  ground s tat ion i s  t he  in t e r l ace  between t h e  I 'DRS control  c e n t e r ,  
GSFC, and the  TDR sa te l l i t es .  AIL n~odulation/deniodulation, nlultipLexing/ 
de r i~u l t i p l ex i~ lp ,  and R F  trarlstiiittin;r/receiving is  per for tned  at t h i s  facility. 
Also  shown in the f igure a r e  t h r e e  m a j o r  por t ions  of t he  bas ic  ground station: 
1 )  a  t e r m i n a l  for  maintaining R F  comniunicat ion with TDRS e a s t ,  2 )  a  
t e rmina l  fo r  niaintaining R F  communicat ion with TDRS w e s t ,  ~ n d  3)  a  com-  
rilon a r e a  containing demoddlat ion and process ing  equ'prnent,  which will be 
applied to  s igna ls  f roni  both t e rmina l s .  F o r  a l l  c o n f i g ~ r a t i o n s  the  link Iron? 
ground s tat ion t o  the TDRS i s  i n i p l e n ~ e n t e d  with a li. 8 m e t e r  d i a m e t e r  
Ku band antenna. The  R F  t e r ~ r ~ i n a l s  a r e  of conventional des ign ,  but the s ig-  
na! d e m o d ~ l a t i o n  and p roces s ing  e q ~ i p m e n t ,  although :lot new in concept ,  h ? . ~  
not been previously appl ied in t he  cotnp!exity r equ i r ed  f o r  s i n~u l t aneous  
mult iple  t lser communicat ion v ia  t he  TDRSS, It should be mentioned that  a  
t h i r d  t e r n ~ i n a l  may be r equ i r ed  f o r  com-nunication with t h e  in -o rb i t  s p a r e  
TDRS and for  r ed  indancy. Th i s  will r e q u i r e  only a  s l ight  inclrease in t he  
p roces s ing  equipment  and i t s  configurat ion cont ro ls .  

T h e  m a j o r  reqxi red  eq:iipment for  a t e r m i n a l  a r e  l i s ted  below. 

K u  barrdltj ?and antenna - 12. 8 mete;  d i a m e t e r  parabol ic  r e f l ec to r  

a )  Kt1 c a s s e g r a i n  feed c i r c u l a r  po lar iza t ion  

b )  S band nea r  focus f e e d  - c i r c u l a r  polar izat ion 

R e c e i v e r s  

a \  Ku band a t  r e a r  of r e f l ec to r  - 3.9 dB no i se  f igure  

b) S band in t e r m i n a l  s t r u c t u r e  - 4 dB no i se  f i g u r e  

Power  anp ! i f i e r s  - Two p!us s tandbys 

T h e  r equ i r ed  output; a r e  a s  follows: 

a )  MDR and 11DR s igna l s  a n ~ p l i f i e d  :n one: a c c o m t i n g  for  
e s t ima ted  l ine l o s s  ( 3  dR) and r equ i r ed  backoff ( 3  dB)  

MDR: 103 v a t t s  p e r  than-lel 

IIDR: 403 wa t t s  p a r  channsl  

b! L3R r e f e r e n z e ,  beacon,  and  TDRS co,ntnands in t h e  other:  

LDR: 1030 wat ts  

Beacon: LO wat ts  

TDRS so,~~n-.and: Lil  watts 



5. 3. 1 S igna l  P r o c e s s i n g  

T h e  r e q u i r e d  d e m o d u l a t i o n  a n d  s i g n a l  p r o c e s s i n g  e q u i p m e n t  f o r  
r e t u r n  l inks  inc ludzs :  

I )  LDR s i g n a l  p r o c e s s o r  f o r  e a c h  u s e r  inc lud ing  r a n g e  and  
r a n g e  r a t e  s i g n a l  e x t r a c t i o n  

L )  MDR PSK d e n ~ o d ~ l a t o r  f o r  e a c h  channe l  

31 IiDR PSK dzrnodula to r  a n d  d z c o d e r  

4 O r d e r  w i r e  d e n i o d u l a t o r  a n d  p r o c e s s o r  

T h e  r e q t l i r e d  niodula t ion and p r o c e s s i n g  e q s i p l l e n t  f o r  t h e  f o r w a r d  
!inks i n z l ~ r d e s :  

1 ) LDR: P X /  PSW mod r la tor  

L )  M D R :  P N / P S K  m o d ~ ~ \ a t o r  f o r  e a c h  c h a m e l  

3 )  IJDH: PSK rnodll lator 



Figure 

6 .  TDRS CONFIGURATIONS 

21 depicts the four fina .I TDRS configurations developed: 

Delta 2914 launched TDRS configuration 1 

a Atlas Centaur launched TDRS configuration 

Space Shuttle launched TDRS configuration 

a Delta 2914 launc'ned,TDRS configuration 2 

The TDRS 1D was developed during P a r t  I of the study, whereas the 
remaining configurations were developed during P a r t  II of the study, Sub- 
system ccacepts and technology from currant  Hughes commercia!. and 
military space programs were used for all coilfigurationo to the maximum 
extent possible. 

The TDRS 1D configuration i s  a rel.atively conventional design with 
the spacecraft mass  minimized by use of lightweight mater ia ls ,  such a s  
beryllium, and improvements in subsystem designs. 

The TDRS AC configuration i s  an adaptation o; the Intelsat IV bus,  
with new antennas and electronice, to tho TDRSS mission requirements. 
Since the Atias Centaur performance has  increased from the s ta r t  of the 
Intelsat IV program, the additional antenna and electronic mass  can be 
readily accommodated. 

The TDRS SS configuration i s  similar to the TDRS AC coniigurations 
after deployment; however, the relatively large payload bay of the Space 
Shuttle, a s  compared to the Atlas Centaur payload fairing permits a simpler 
antenna stowage. Fnrthermore , a new dual spin concept has  been employed 
rojsulting in both end platforms being despun. The la,tter feature permits a 
more convenient antenna deployment. The performance potential of the 
Space Shuttle allows a ra ther  generous growth margin for this configuration. 

The TDRS 2D co~i igura t ion  employs lightweight materials and also 
lightweight subsystem technoiogy: AGIPA with YAGI elements,  LSI and 
MOS-MSC for electronic equipment, and bipropellant RCS. Furthermore,  
some duty cycle ope9:ations a r e  imposed on the user  service to aave mass  in 
the electric power subsya:;em. 



M L T  A 1914 LAUNCHED 
MFIOURATION (1) 

Figure 2 1. Four Final TDRS Configurations 



Spacecraft  m a s s  s u m m a r i e s  f o r  al l  c o ~ ~ f i g u r a t i o n s  a r c  provided in 
Table 14, Elec t r ic  power requi rements  and the power available f r o m  thc 
s o k r  panels and bat ter ies  for  a l l  configurations is  sumrnarizcd in Table 15. 

A discussion of the genera l  design approac5 which is s imi la r  fo r  a l l  
configurations is included in subsect ion 6. 1. Subsection 5. 1 d iscusses  the 
genera l  design approach of a l l  configurations, subsect ions 6. 2 ,  6. 3 ,  6. 4, 
and $5, 5 summar ize  the external  f ea tu rcs  of the configurations, pr imar i ly  
antennas, and subsection 5 ,  S reviews the subsys tem design fea tures  and 
technology. 

TABLE 14. TORS CONFIGURATION MASS SUMMARIES 

-- 

Subsystem/l tern TORS SS TORS 20 TDRS 10 -- 
55.1 

18.1 

36.6 

23.5 

11.4 

61.5 

11.5 

25.5 

68.2 

10.0 

25.6 

347.0 

38.0 

293.0 

678.0 -- 

TORS AC 

Repeater 

Teleme~ry and command 

Antennas 

Attitude control 

Reactior~ control (less propellant) 

Electrical power 

Wire harness 

Apogee motor (burned out) 

Slructure 

Thermal control 

Contingency 

Final mass in orbit 

RCS 

Apogee motor expendables 

Sepnation mass 

'Propellant, includmg transfer orbit requirements, provided for full launch vehicle capability. 

"Includes 77.4 kg RCS propellant used to augment apogee injection. 



TABLE 15. TDRS ELECTRIC POWER SUMMARY, WATTS (POWER AT BUS VOLTAGE) 

hlOR link 
41 dB?\' t IHP 

- .- 
-I 

i Sparrc~ aft Po\w: S u ~ ~ i ~ i i a ~  v - 
I I I 

I P W . ~ V I  Ava~lal~lt, I 01 T ~ * ~ ~ ~ s ~ ~ I I ~ I I ~ I \ ~ o ~ I  , t t ~ , i ~ i \  SVI J m, A!~t l  R.~ti(l~tiq 

/ Battery charg~ng 1 GO 1 109 1 94 1 3 7 I 

-. - . . . - 
Solstec* -Paron from solat ru~ie l  i----- 

TDRS repeater revdual loads 

I I 
Average battery power fot 1.2 hours I 1 359 ( 442 I 

1 2 nours(GI 1 

?Jb 

221 

381 

2J 1 

I0 hnw\ 1.11 - 
12 8 ho18n. 151 ~ c ~ l ( m " '  

1 45 

(')8 percent less power requ~red ~f ltnks 0perav:d from hatter~er 
i2'~i :lmurn eclupse cond~t~on of 1.2 hours 

( 3 ) ~ t  the end of 5 years ~n o rb~ t  
'4'datterr chargmg mode. 10 hours "ally 
(='NO ba?tery charg~ng. 12 8 hours da1l4 
(6'~veraqe power may be exceeded up to the total energy capaaty 01 the baltsrw 

- 

-- 

G35 

589 

683 

783 

444 

3G 7 

476, 

346, 

From 
panel 

- - -  

1 Solar(~) 

outP'Jt 

262 

258 

295 

98 
season 

1 

27 1 29 

364 

399 

- - - ~  

Solst~ce season 

Ei'lpie season 

Avcrage batte~v Im.vPr to: 

30 

I I 

540 

572 

752 1 364 

800 397 



6.1 GENERAL DESIGN APPROACH 

The Hughes Gyrostat stabilization concept has been employed to 
provide a fully stabilized platform for the payload while exploiting the sim- 
plicity and long life advantages associated with spinning satellites. The two 
main elements of the spacecraft a r e  the spinning rotor and the despun, 
ear th oriented platform containing the communication repeater and i t s  
antennas. 

Spin stabilization i s  accomplished by rotating the section of the 
spacecraft containing propulsion and power equipment. The angular momen- 
tum developed provides a resistance to external torques and minimizes the 
number of attitude corrections required throughout the mission. The Gyro- 
stat principle of stabilization i s  used in this design of the TDRS. This 
approach allows large sections of the spacecraft to be despun, thereby 
accommodating the antennas and communication eiectronic equipment 
required for this mission on the stabilized despun platform. 

The despun section houses the communication equipment and some 
of t h e  telemetry, tracking, and command (TT&C) equipment. To achieve 
a benign thermal c ~ v i  ronment for the communication subsystem and other 
critical equipment, a :herma1 control cavity i s  created inside the spinning 
solar cell a r r ay  in which all temperature-sensitive equipment is placed. 
Antennas a r e  mounted off the platform on a mast type support structure. 

The spinning section supports and houses the propulsion, electrical, 
power, attitude control, and some of the TT&C equipment. The apogee 
motor i s  installed in the central thrust tube. RCS propellant tanks a r e  
mounted on ribs extending from the thrust tube to the solar cell array.  
Batteries,  battery controllers, despin control electronics, and TT &C equip- 
ment a r e  mounted on the ribs and on small equipment platforms spanning 
the ribs.  

The aft end of the spacecraft (apogee motor end) i s  sealed off by a 
rotating thermal bar r ie r ,  This bar r ie r  has an external surface of stainless 
steel to protect the spacecraft from the intense heating caused by the apogee 
motor plume as  well a s  the axial RCS jet plume. The forward end of the 
rotating drum cavity i s  sealed off by a spinning sunshield. This conical shell 
structure i s  covered with aluminized teflon to reject solar input while a t  the 
same time radiating the heat generated by the communication equipment, 
The spin of these primary thermal control surfaces provides a low gradient 
thermal environment for the communication electronics and primary 
spacecraft control elements. 

A rotating interface, consisting of conventional ball bearings and 
slip rings, sustains the relative motion between the two sections, permits 
signal transfer to take place, and affords an electrical path over which 
power from the solar panels and batteries can flow to the repeater payload. 



6.2 DELTA 2914 LAUNCHED TDRS CONFIGURATION 1 

The TDRS 1D configuration depicted in Figure 22 uses conventional 
subsystem concepts and technology from current  Hughes commercial and 
military space programs. Spacecraft mass  was minimized by use of light- 
weight mater ia ls ,  such a s  beryllium, and improvements in subsystem design. 

The TDRS 1D provides LDR and MDR service.  Short backfire type 
antennas a r e  provided for the LDR user  VHF return link and the two channel 
UHF forward link. An S band parabolic reflector antenna i s  provided for 
both forward and return link service for the MDR user. These antennas a r e  
folded and stowed within the payload fairing during launch. 'The TDRS to  
ground link a t  Ku  band incorporates a high gain parabolic reflector antenna. 
Both the S band and K u  band paraboloid aniennas a r e  installed on two-axis 
gimbals. S band short  backfire antennas a r e  provided for the tr i lateration 
transponder and order  wire service.  A VHF turnstyle a r r a y  i s  provided 
for hackup TT&C operation. The antenna characterist ics a r e  summarized 
in Table 16. 

Forward 

Return 

I / MDR 1 Forward 

Return 

I I Order wire I 1 ;;;;nd 1 Forward 

Return - 
Transponder Forward 

1 I Return 

TABLE 16. TDRS I D  ANTENNA CHARACTERISTICS 

UHF I 12.5 1 Short backfire 1 
VHF I 11.2 I Short backfire 1 3.82 

Frequency 
Antenna Type 

Minimum 
Gain Over FOV, 

d 6' 

S band I 13.1 I Short backfire 1 0.267 

Diameter, 
m 

S band 

Ku band 
I Horn 

I I 

36.0 

36.7 

Parabolic reflector 1 1.43 

Parabolic reflector, 
foccls feed 

3.82 

0.267 
S band 

p- - 

13.5 

13.0 

- 

Short backfire 



S BAND S BAND 
ORDER WtRE ANTENNA 
ANTENNA 
(NOT VISIBLE 

VHF 
ANTENNA/ 

UHF 
ANTENNA 

Figure 22. Delta 2914 Launched TDRS 
Configuration 1 - (TDRS 1D) 



6 . 3  ATLAS CENTAUR LAUNCHED TDRS CONFIGURATION 

The TDRS AC configuration shown in Figure 23  i s  an adaptation of 
the Intelsat IV bus (with new antennas and electronics) to the TDRSS mission 
requirements. Since the Atlas Centaur performance has  increased from the 
s ta r t  of the Intelsat IV program, the additional mass  can be readily 
accommodated. 

The TDRS AC repeater provides one forward channel for LDR serv-  
i ce ,  two forward and return channels for MDR service,  and one forward and 
return channel for HDR service.  The MDR and HDR service i s  implemented 
with two S/Ku band antennas, thus time sharing between the MDR and HDR 
services  i s  required. This coqfiguration utilizes both forward and aft 
mounted antennas to mit imize solar torque. The high gain MDR/HDR, and 
TDRs to  ground station link antennas a r e  mounted forward. This position 
minimizes cable and waveguide runs to electronic equipment mounted in the 
spacecraft,  and also provides for a more rigid and thermally stable mount 

TABLE 17. TDRS AC ANTENNA CHARACTERISTICS 

Frequency 

Forward 
S band 

Return 

Forward 
Ku band 

Return 

I Return 1 

-- - 

+ 

Minimum 
Gain Over FOV, Diameter, 

dB Antenna Type m 

Order wire 

Ground 
Link 

Short backfire 

Five element Element 
AG IPA 4.35 

35.5 Parabolic reflector, 3.82 
focus feed 

36.2 
A 

Forward 

Forward 

52.8 Parabolic reflector, 3.82 
Cassegrain feed 

51.9 

S band 

Ku band 51.9 I Parabolic reflector 1 3.82 I 

13.1 

18.5 

Short bkkf i re 

Horn 

Transponder 

0.267 

- 

Forward 

Return 
S band 



f o r  these  narrowbeam antennas. A forward location of the UHF broadbeam 
antenna i s  a l s o  selected to  minimize power l o s s  In the t r a n s m i s s ~ o n  l ines 
running f rom the t r ansmi t t e r  to  the antenna. The LDR re tu rn  !ink service  
i s  implemented with a f ive-element,  ten channel AGIPA configuration which 
i s  deployed aft. The VHF elements a r e  l e s s  sensi t ive to alignment e r r o r s  
and cable runs over  the required distance do not resul t  in  excessive losses .  
The a r r a y  is deployed f rom the forward (despun) platform by a combination 
of an As t romas t  and pivoted '.inkages, The As t romas t  i s  a low m a s s  deploy- 
able t r u s s  s t ruc tu re  which can achieve the long deployment required with a 
high stiffness and highly compact stowage with virtually no shadowing of the 
s o l a r  cell  a r r a y s .  The antenna charac te r i s t i c s  a r e  summar ized  in Table 17. 

Figure  23. Atlas Centaur 1,aunched 
TDRS Configuration - (TDRS AC) 



6 . 3  SPACE SHIJTTLE LAIJNCHED TDRS CONFICIJRATION 

T h e  TDRS SS configuration depicted in  F i g u r e  24 i s  s i m i l a r  t o  the  
TDRS AC configuration a f t e r  deployment;  h o w e v e r ,  the re la t ive ly  l a r g e  pay - 
load bay of the Space  Shuttle a s  c3mpared  t o  t he  At las  Cen tau r  payload 
fa i r ing  p e r m i t s  a convenient and s imp le  antenna s towage.  T h e  T r a n s t a g e  
w a s  se lec ted  to provide a cos t  effect ive boos t e r  t o  i n j ec t  a n  a s s e m b l a g e  of 
t h r e e  spacec ra f t  s imul taneous ly  in to  synchronous  t r a n s f e r  o rb i t .  T h e  in jec-  
t ion capabi l i ty  i s  approxiniately 6600 kg .  Each  s p a c e c r a f t  h a s  been a l lo-  
cated 2100 kg,  allowing 300 kg f o r  m i s s i o n  pecul ia r  equipment  and 
instal la t ion onto the Trans t age .  

T h e  TDRS SS f ea tu re s  a dual  p la t form a r r a n g e m e n t  with equipment  p la t forms 
loca ted  a t  both ends of the cyl indrical  body. Thus  a configurat ion with low 
s o l a r  p r e s s u r e  torque  and with r ea sonab le  s h o r t  cable  and waveguide runs  
between p la t form mounted communica t ion  equipment  and t h e i r  antennas i s  
a t ta ined.  

TABLE 18. TDRS SS ANTENNA CHARACTERISTICS 

Frequency 

Forward 
S band 

Return 

HDR 

I Order wire I I S band 

Forward 

Return 

Ground Forward 

Ku band 

Forward Ku band 1 Return 1 1 Transponder 1 Forward I 
S band 

1 

Short backfire 

Minimum 
Gain Over FOV, 

dB 

Return 

Five element I AGlPA 

Antenna Type 

13.1 I Short backfire 

35.5 

36.2 

52.8 

51.9 

1 Horn 

Parabolic reflector, 
focus feed 

Parabolic reflector, 
Cassegrain feed 

Parabolic reflector 

Short backfire and 
bicone 

Diameter, 
m 

1.43 

Element 
4.35 



The TDRS SS repeater provides two forward channels for LDR 
serv ice ,  three forward and return channels for MDR service and two for- 
ward and return channels for HDR service. The MDR and HDR service 
i s  implemented with three S / K u  hand antennas: thus, time sharing between 
the MDR and HDR services is r equ i r ed  LDR return link service i s  
provided by the five element ten channel AGIPA a s  described for the TDRS 
AC configuration. The antenna characterist ics a r e  summarized in Table 18. 
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Figure 24. Space Shuttle Launched 
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6 . 5  DELTA 2914 LAUNCHED TDRS CONFIGURATION 2 

The TDRS 2D configuration shown in  F i g u r e  25 uses  not only light- 
weight ma te r i a l s  but a l s o  emphasizes  lightweight subsys tem technology: 
AGIPA with Yagi e l ements ,  microwave integrated c i r cu i t s  for  r epea te r  
e lec t ronics ,  MOS/LSI c i r cu i t ry  for  TTlLC digital equipment,  and bipropellant 
RCS. F u r t h e r m o r e ,  some  duty cycle operat ion is  imposed on the u s e r  
se rv ice  to  save  m a s s  in the  e l ec t r i c  power subsys tem.  

The TDRS 2D repea te r  provides one forward channel for  LDR s e r v -  
i c e ,  two foward and re tu rn  channels for  MDR s e r v i c e ,  and one forward and 
re tu rn  channel for  HDR service .  T h e  MDR and HDR s e r v i c e  i s  implemented 
with two S/Ku band antennas;  thus,  t ime  shar ing  between MDR and HDR 
se rv ices  i s  required.  The LDR re tu rn  link ut i l izes a n  AGIPA consist ing of 
four VHF-Yagi e lements .  T h e s e  a r e  deployed on booms off the main support 
m a s t  forward of the soacecrnf t  bodv. Paraboloid ref lec tor  antennas a r e  
provided for  MDR  and^^^ links.  a he^ incorpora te  dual S/Ku band feeds 
s o  that the type of se rv ice  i s  established by switching of appropr ia te  
r epea te r  equipment. Stowage during launch i s  achieved by collapsing the  

TABLE 19. TDRS 2 0  ANTENNA CHARACTERISTICS 

LDR I Forward 1 UHF 1 12.5 1 Short backfire I 
I 

Frequency 

MD R 

HDF! 

Order wire 

I Horn 

Minimum 
Gain Over FOV, 

dB 

Return 

Forward 

Return 

Ground 
I :-I. 
L l l l l  1 Forward I Ku band 1 44.0 I Parabolic reflector 1 1.42 

Diameter, 
Antenna Type 

Forward 

Return 

Forward 

Transponder Forward I 13.5 1 Short backfire and I Sband bicone 1 0.267 

VH F 

S band 

Ku band 

S band 

14.7 

35.5 

36.2 

I 

52.8 

51.9 

13.1 

Return 

Four YAGl 
element AGIPA 

Parabolic reflector, 
focus feed 

1 13.0 

- 

3.82 

Parabolic reflector, 
Cassegrain feed 

Short backfire 

3.82 

0.267 



paraboloid reflector and folding the supporting linkage. A fixed aper ture  
Ku band antenna i s  provided for the TDRS to  ground station Link. All high 
gain antennae a r e  provided with two axis gimbals. Tr i la te  ration t rans  - 
ponder and order  wire  service for manned users  i s  implemented through 
broadbeam S band short  backfire antennas. The antenna character is t ics  
a r e  summarized in Table 19. 

4 ELEMENT 
AGICA (VHF) 

ANTENNA 
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8 BAND ORDER 
WIRE AND 
TRANWOND 
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- V K u  BAND 
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U K U  BAND 
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Figure 25, Delta 2914 Launched TDRS 
Configuration 2 - (TDRS 2D) 



6 . 6  TDHS SUBSYSTEM DESIGN FEATURES AND TECHNOLOGY 

A brief  d i scuss ion  of the key des ign  f ea tu re s  of the s u b s y s t e m s  and 
the i r  technology a r e  included in subsec t ions  6. 6. 1 through 6. 6. 9. 

Long l i fe t ime n; iss ion s u c c e s s  r e q u i r e s  the use  of high re l iab i l i ty  
p a r t s  and thc use of redundancy for act ive components .  Except ions  occu r  for 
i t ems  s u c h  a s  the apogee n:otor, s t r u c t u r e ,  desp in  bear ing  a s s e m b l y ,  and 
an tennas  where  it would be prohibitive f r o m  m a s s  cons idera t ions  alone to 
provide redundancy.  In t hese  i t c n ~ s ,  s a fe ty  f ac to r s  a r e  employed in the i r  
des ign  and a s s u r e d  by t e s t  p r o g r a m s .  All  e l ec t ron ic  units a r e  redundant  in 
the TDRS configurat ion p re sen ted ;  thus,  no s ingle  fa i lure  wil l  c a u s e  a  l o s s  
of m i s s i o n  object ives .  

6. 6. 1 R e p e a t e r s  

The V H F  r e c e i v e r s  assoc ia ted  with the LDR AGJPA r e t u r n  provide 
redundant  downlink channels .  This  r e c e i v e r  i nco rpora t e s  Lightweight s u r f a c e  
wave bandpass  f i l t e r s  preceded by p reampl i f i e r s  which e s t ab l i sh  a low noise 
f igure.  Xybrid m i c r o c i r c u i t  packaging is a l s o  used to achieve  low m a s s  for 
the unit. 

The S band t r a n s m i t t e r  and r e c e i v e r  f ron;  XIDR u s e r s  a r e  capable  of 
t r ansmi t t i ng  and rece iv ing  a t  any f requency  within the des igna ted  bands. A 
p a r a m e t r i c  prean:plifier is used to main ta in  a  low r e c e i v e r  no ise  t e m p e r a t u r e .  
The  power ampl i f i e r s  for  the S band t r a n s m i t t e r  a r e  sol id  s t a t e ,  providing a n  
output power of 23.  5 wat t s .  This  is reduced  by the line l o s s e s  to 12. 5 wat ts  
a t  the an tenna ,  yieldin? the r equ i r ed  47 dGW EIRP.  The o r d e r  w i r e  S band 
r e c e i v e r  no ise  f igure  and antenna. gain of this r e c e i v e r  allow approxin:ately 
I kHz of d a t a  to be t r ansmi t t ed  by the u s e r  to the ground s ta t ion  v i a  the 
TDRS. 

The Ku band HDR fo rward  link t r a n s m i t t e r  is implemented  with a  
100 mW sol id s t a t e  ampl i f ie r  which s a v e s  s o m e  m a s s  r e l a t i ve  to the use  of 
TWT a m p l i f i e r s ,  and the r e t u r n  link r e c e i v e r  u t i l i zes  a TDA preampl i f i e r  
to  achieve  a  m o d e r a t e  noise  f igure  f o r  the  TDRS 2D configuration. 

The TDRS AC and TDRS SS ut i l ize  TWT a m p l i f i e r s  fo r  the HDR fo r -  
w a r d  link and p a r a m e t r i c  p rea inp l i f i e r s  in the  r e c e i v e r s  t o  m a x i m i z e  com-  
munica t ion  capac i ty ,  a s  t h e s e  configurat ions a r e  not  a s  cons t r a ined  by launch  
vehicle  payload l imitat ions.  The  TDRS r e t u r n  link t o  t he  ground s ta t ion  
ut i l izes  TWT ampl i f ie rs .  Serv ice  i s  provided with a s ingle  ampl i f i e r  ope r -  
a ted  i n  a  s a tu ra t ed  mode. LDR. AMDR, and TDRS t e l e m e t r y  s h a r e  a  second 
downlink channcl  powered by  a TIVT amplifier ope ra t ed  in the l i n e a r  reg ion  t o  
avoid in te rmodula t ion  distortion. of the  u s e r  data.  The  fo rward  l ink r e c e i v e r s  
util ize TDA preampl i f i e r s  to achieve  m o d e r a t c  noise  f igures .  



An S band transponder for TDRS t r i la tera t ion  b a c k ~ p  T A ' & C  
operat ion is  provided, Equipment construct ion is s i m i l a r  to that of the 
MDR repea te r  equipment. 

The TDRS 2D configuration places s e v e r e  demands upon ha rdware  
design implementations by requi r ing  minimum s ize ,  m a s s ,  and power while 
providing near ly  the s a m e  telecommunications s e r v i c e s  a s  l a rge r  spacecraf t  
payload configurations. These  demand;; have placed design emphasis  on 
utilization of hybrid c i r cu i t s  and microwave integrated c i r cu i t s  (MIC) tech- 
nology with thick and thin film c i rcui t s .  Hybrid mic roc i rcu i t  techniques I r e  
a lso  applied to IF c i rcu i t  des igns  and voltage regula tors  and pcwer supplies. 

There  have not been many microminia ture  hybrid devices used to 
date in communications sa te l l i tes  o r  spacec ra f t  in general .  Xowever, of 
those which have been used in r ecen t  communications sa te l l i te  des igns ,  
there  a r e  no known fai lures in over  500,000 operating hours .  High rel iabi l i ty 
i s  a lso  substantiated by field t e s t  and life t e s t  r e su l t s  of Hughes m i s s i l e  and 
avionics subsys tems using hybrid c i r cu i t  designs.  Compared to d i s c r e t e  c i r  - 
cuit devices,  the hybrid c i r cu i t  fai lure r a t e s  a r e  be t ter  by a factor  of 3 to  1 ,  

Impatt  amplif ier  techniques a r e  used fo r  the  HDR Ku  band, solid s ta te  
forward t r ansmi t t e r  power ampl i f ie r  in the TDRS 2D configuration. The 
requi rement  of 100 mW output a t  14. 7 GHz i s  achievable with p resen t  day 
si l icon diodes. The 3 0  dI3 gain can be eas i ly  achieved with e i ther  a t h r e e  
s t age  ampl i f ie r  o r  a two s tage  injection lucked osci l lator .  The majo r  
technical design problem is  to achieve high efficiency. An efficiency of 
2 percent  is expected to be obtained using s m a l l  diodes m a d e  with current ly  
available technology. 

The TDRS TWT ampl i f i e r s  a r e  a scaled vers ion  of existing o r  p r e s -  
ently under development spacecraf t  TWTs. The key performance pa ramete r  
i s  efficiency. The 32 percent  efficiency is achievablz by operqting the TWT 
at  a voltage about 8 percent  over  that  which corresponds  to maximum gain. 

Each TVlT sa te l l i te  app!ication usually has  ~ u c h  specific requi rements  
that some new development i s  neceesa ry ;  the TDRS TWT development should 
emphasize  efficiency and low m a s s .  

6.6. 2 Te lemet ry ,  Tracking,  and Command 

The TT&C subsys tem i s  der ived f rom that used on the Intelsat  IV. It  
fea tures  PCM and F M  r e a l  t ime modes  of operat ion ior  s p a c e c r z 3  telemetry.  
The PCM mode i s  used for a l l  atti tude, thermal ,  power, and s ta tus  informa- 
tion, including command verific.ati.on. Spinning and despun redundant 
encoder s a r e  interconnected by means  of the e l ec t r i ca l  contact r ings  installed 
in the despin bearing assembly.  Te lemet ry  f rom the spinning encoder is  
inter  leaved with t e l emet ry  f rom the despun s ide  on a word-by-word bas is. 
The composite  bit  s t r e a m  is  converted to a Manchester  code fo rmat  which is 



then used to phase modula te  e i t he r  the S band t e l e m e t r y  transn;it t .r  of the 
tclcn-,ctrl? c a r r i e r  of the TDRS/groutrd s ta t ion  Ku hand link. 

The  F M  r e a l  t ime m o d e  is used for  t ransmi t t ing  at t i tude da t a  rsrln 
s e n s o r  pu l se s ,  e a r t h  s e n s o r  pu l se s ,  p la t form indzs  pu l se s ,  and con:n:and 
e sccu te  pulses) .  The  o c c u r r e n c e  of a pulse coherenLly swi tches  the :re- 
q\iency of a n  IRIG cllannel 13 s u b c a r r i e r  osc  i l l a h r  friln: i ts  pilot ton? to a 
d ~ f f e r c n t  f rnquency,  dcpnding on the kind of pulse present .  The output is 
connected v i a  a  s l i p  r i ng  to the despun e n c o d e r ,  the output of which phasc 
n:odulates the t e l e m e t r y  t r a n s m l t t e r  of the p r i m a r y  te1econ:n:tqnication s e r -  
vice s y s t e m  a t  the K u  ::a-'d frequency o r  the backup te!enietry t r a t i s n ~ i t t e r  
and con:n:and r e c e i v e r  a t  S  band. 

S p a ~ e c r a f t  command is , x r f o r m e d  through two c r o s s - s t r a p p e d  com-  
mand s y s t e m s .  Redundant d e c o d e r s  a r e  located on both the spun and despun 
port ions of the spacec ra f t .  A to ta l  of 127 c o n ~ m a n d s  a r e  avai lable  for c o r -  
t rol l ing the s t a t e  of the r o t o r ,  while 255 c o m n ~ a n d s  a r e  avai lable  for t h ~  
despun platforn:. 

The con;n?and r j s t e n i  i s  capable of executing jet firing con-n-ands in  
phase ~ i t h  the spin c. the sa te l l i t e .  This  i s  per formed a t  the ground statio;:  
by synchronizing hhe execute  tones with sun  o r  e a r t h  pulses  rece ived  via  
r e a l  t inlc tc1en:etry. The rcpc t i t ive  command n:odc is a l so  used i , ) r  an t enn l  
pointirtg. Tracking  con:n:ands a r e  t ransmi t ted  a s  ~ e q u i r e d  to main ta in  the 
antcnna pointing a t  XlDR usci. sa te l l i t e .  Antenna acquisi t ion comn:ands a r c  
a l s o  rcce ivcd  p r io r  to au to t racking  of HDR u s e r  s a t c l l i t e s .  

Extens ive  u s e  of LlOS-LSI c i ~ c u i t r y  is planned in o r d e r  to achieve  a 
n:inin;uc: ?*:ass for  the TTe:C subsys t em in the TDRS 2D configuration. 
P r i n c i p a l  c i r c u i t s  using this  technology a r e  those per forming  digi ta l  and  
tin:ing functions. Advantages of the technique include lower s  u bsys tcn: m a s s  
and improved rel iabi l i ty .  This  technology has  been demons t r a t ed  on o t h e r  
s p a c e  progran:s perforn:ed by Hughes. 

6. 6. 3 Antenna ~ n d  Posi t ioning Mechznisms 

Thc antcnna +cchnology r cq - i r ed  for this  progran: includes ex tens ive  
use of deployable,  n:ininiuni m a s s  construct ion.  The deployable r c f l ~ c t o r  
antcnna c o n f i ~ u r a t i a n c  a r e  bascd on tng inee r ing  model  deve lop r , en t  p roceed -  
 in^ a t  Radiat ion,  Incorpora ted  in Xlelborne, F lor ida .  

LDR r e t u r n  links arc. implemented  wi th  a  s ingle  s h o r t  back f i r c  c.1':- 
n:cnt f o r  the T D R S  1D confizurat ion.  The TiIiiS AC and TDRS SS conl igura-  
t ions use a n  a r r a y  of five s l inr t  backf i re  an tennas  in an  AGIPA configuration. 
An A G I P A  a r r a y  of foe,r Y a g i  e l e m e n t s  i s  util ized for  the 'TDRS ZD conf igura-  
tion. Thc l a t t e r  des ign  p re sen t s  a low area to incident sunl ight ,  thereby  
n:inin;izin!: the s o l a r  rad ia t ion  p r e s s u r e  torques.  The e l emen t s  a l s o  lend 
then:sclvcs to Low n:ass cons t ruc t ion  and e a s e  of deployment.  A s h o r t  back- 
f i r e  c1en:cnt is se lcc tcd  for the LDR h r w a r d  link opera t ing  s t  I 'HF.  This 



e l emen t  develops the r equ i r ed  per  f a r m a n c e  with high efficiency and with 
m i n i m u n ~  m a s s  using r i b  arid m e s h  construct ion.  

The high gain S /Ku  band and Ku band antennas a r e  a deployable r i b -  
m e s h  des ign  of 3.82 m e t e r s  (12. 5 feet)  d i a m e t e r  and a n  f /D  o r  0.4. The 
antenqae a r e  configured with 12 r i b s ,  A double m e s h  technique i s  util ized 
to achieve a s u r f a c e  contour  of 0. 25 mm r m s  accu racy .  The sub rc f l cc ln r  
is cons t ruc ted  a s  a shaped honeycomb sandwich with f ibe rg l a s s  face shee t s  
and alumifium foil for  R F  ref1ect:vity.  The  r e i l ec t ive  m e s h  is r p e n  gold 
plated chrome1 R kni t ,  and i t s  contour  between r ib s  i s  a d j ~ ~ s t e d  by tension 
t ies  t 3  a back m e s h .  A redundant  torque s p r i n g  ana , n o t o r  d r i v e  s y s t e m  
unfurls  the a n t m n a  r e f l ec to r .  

K u  band ho rns  a r e  provid?d f ~ r  TT&C ope ra t ion  to a s s u r e  that this  
function is not in te r rupted  if the linkup using the high gain antenna is broken.  
S Sand s h o r t  backf i re  an tennas  a r e  : ~ s e d  fo r  o r d e r  w i r e  and t ransponder  
operat ion.  

Two axis  d r i v e s  a r e  used for  the high g:lin S / K u  band antenna and th? 
Xu band r e f l ec to r  an tenna  for  azir-luth and elevat ion cont ro l .  The d r i v e r s  
u s e  e teppcr  m o t o r s  and a h a r r r a n i c  g e a r  reduct ion  dr ive .  The moto r s  i ncn r -  
nora te  magnet ic  de ten t ,  thereby  avoiding puwer consumption whi!e in standby 
operat ion.  This  magnet ic  de ten t  is effect ive for  e a c h  s ingle  s t e p  of the 
motor :  t n c r e f o r e ,  no acf.o:;acy ;?w-rlalies occu r  when power i s  removed.  

The g imbal  a s s e m b l y  i s  suppor ted  in e a c h  ax i s  by the prcmaded 
angu!ar contact  bal l  bea r ings  of the m o t c r  d r l v e  a s s e n ~ b l y  and by an outboard 
r a d i a l  deep  g rocve  bearing.  The  beat.ing s i z e  i s  de t e rmined  by launch loads  
impar ted  to the n .ezhanism and bear ing  spacing i s  chosen  suff ic ient  to 
m i n i n ~ l z e  e r r o r  due  to  bear ing  runout. D r y  f i lm lubricai ion is used through- 
out  the m e c h a r i s m s  for  t e m p e r a t u r e  r ange  compatibi l i ty  and to avoid the 
need for  scal ing the moving elem2nts .  T h e  lubricat ion technique h a s  been 
prcven  on previous  Hughes p r o g r a m s  and i s  amenab le  to the a c c u r z c y  
r equ i r emen t s  and the torque  capabi l i ty  of the d r ' v e r s .  The  S band an tenna  
posi t idncr  employs  coaxia l  r o t a r y  joints for iow R F  loss .  Xh,: Ku band 
d r ive  m e c h a n i s m  ha$ r o t a r y  waveguide R F  power t r a n s m i s s i o n  a c r o s s  i ts  
axes.  

6. 6 .4 Attitude Cont ro l  and Despin Bear ing  Assembly  
-, --.. 
The at t i tude c c n t r o l  s y s t e m  e e t a b l i s h e ~  the s p a c e c r a f t  a t t i tude,  p r o -  

v ides  a s t ab l e  p la t form for  an tenna  pori t ioning,  and m o n i t o r s  the or ien ta t ion  
cf :: .e vehicle sp in  vec tor  and despun p la t form az imuth  for  p rec i s ion  antenna 
pnintine. Spin s tab i l iza t ion  is used  t o  a b s o r b  cyc l ic  torque d i s tu rbances  and 
tc, m i n i m i z e  the number  and f requency  of r c a ,  t ion j e t  f i r ings  r equ i r ed  for 
or ien ta t ian  control .  Attittrdc con t ro l  of thc dcepun r ec t ion  ia autonomous anu 
u s e s  e a r t h  s e n s o r  d a t a  to o r i e n t  the de rpun  r ec t ioa  toward the c e n t e r  of 
ea r th .  A m a g n e t / p i p p e r  c o i l  pa i r  located in the bea r ing  and power t r a n s f e r  



a s s e m b l y  (BAPTAI e s t a b l i s h e s  the  r e l a t i v e  p h a s e  r e l a t i o n s h i p  be tween  the  
r o t o r  and the  p l a t f o r m .  Nutat ional  s t a b i l i t y  i s  p rov ided  th rough  the  p a s s i v e  
nuta t ion d a m p e r  nlounted on the  d e s p c n  p l a t f o r m ,  a long wi th  a c t i v e  c o n t r o l  
th rough  the  d c s p i n  c o n t r o l  s y s t e n ?  and  t h e  a c t i v e  nu ta t ion  c o n t r o l  s y s t e m .  

T h e  d e s p i n  B A P T A  i s  t h e  s t r u c t u r a l .  i n t e r f a c e  be tween  the  spur! and 
d e s p u n  s e c t i o n s .  T h e  b e a r i n g  l u b r i c a t i o n  s y s t e m  c o n s i s t s  of four  s i n t e r e d  
nylon r e s e r v o i r s ,  two p o r o u s  b a l l  r e t a i n e r s ,  the b e a r i n g  m e t a l  p a r t s ,  and 
the  i n t e r n a l  w a l l s  of the  m o t o r /  b e a r i n g  subasse r r ,b ly .  The  011 used to l u b r i -  
c a t e  the b e a l  ings  i s  a n l i x t u r e  of A p i e z o n  C and  lead zap ihana te .  T h e  l u b r i -  
c a n t  i s  vacuum i m p r e g n a t e d  into t h e  b e a r i n g  p a r t s  p r i o r  to a s s e m b l y .  
Redundan t ,  b r u s h l e s s ,  r e s o i v e r  c o n l m u t a t e d  d c  t a r q u e  m o t o r s  a r e  p rov ided .  
T h e  n ;o to rs  a r e  s e g m e n t  wound on  a c o m m o n  Lamination s t a c k  and two fully 
r e d u n d a n t  r e s o l v e r s  a r e  p rov ided .  P o w e r  and s i g n a l  t r a n s f e r  i r o r :  s p u n  to 
d e s p u n  s e c t i o n s  of the  s a t e l l i t e  i s  a c c o m p l i s h e d  w i t h  a d r y  l u b r i c a t e d  s l i p  
r i n g  assembly. 

Al l  of t h e s e  d e s i g n  concep:s h a v e  been  used c n  p r e v i o u s  Hughes  s p a c e  
p r o g r a n ; s .  

6. c j .  5 R e a c t i o n  C o n t r o l  

O r b i t a l  p r o p u l s i o n  i s  ob ta ined  b y  c a t a l y t i c  ciecon;position of 
a n h y d r o u s  h y d r a z ~ n e  f o r  a l l  TDRS c o n f i g u r a t i o n s  e x c e p t  TDRS 2D. H y d r a -  
z inc  p r o p u l s i o n  s y s t e m s  h a v e  b e e n  p r c v e n  o q  the  A T S  progran :  and ut i l ized 
s u c c e s s f u l i y  o n  Inte '  - a t  IV, T e l e s a t ,  a n d  o t h e r s .  T1.e r e a c t i o n  c o n t r o l  s u b -  
s y s t e m  1RC.S) p e r f o r r , . ~  tr.e func t ions  of attlLude and  o n - o r b i t  v e l o c i t y  c o n t r o l .  
Splnnp i s  a l s o  p e r f o r m e d  f o r  the  TDRS A C  and T D R S  SS conf igura t ions .  T h e  
D e l t a  t h i r d  s t a g e  p e r f o r m s  s ~ i n u p  f o r  TDRS 1E and  T D R S  2D confic:irat ions.  
The  s y s t e m  is divided into hal f  s y s t e m s  w i t h  e a c h  half  s y s t e n -  c a p a b l e  of 
?erforn:inr;  r , :aneuvers.  XIiss ion prope!lant i s  d iv ided  be tween  the hal f  s l  s  - 
ten:s .  S ta t ionkeep in?  and a t t i t u d e  c o n t r o l  p r o p e l l a n t  for  7 y e a r s  have  been  
mc luded in the  des ign .  

A biprope!lant R C S  d e s i g n  i s  f e a t u r e d  f o r  the  TDRS 2D conf igura t ion .  
T h i s  h a s  been  s e l e c t e d  r a t h e r  t h a n  the h y d r a z i n e  n ;onoprope l lan t  sys ten :  
d e s i q n c  used on  c u r r e n t  s p i n  s t a b i l i z e d  s a t e l l i t e s  in o r d e r  to c o n s e r v e  p r o -  
pe l l an t  m a s s .  T h e  t h r u s t o r  s e l e c t e d  i s  the  T L O C  1 3  which  p r o d u c e s  
1 newton of thr tss t  us ing  monon:e thy lhydraz ins  2nd n i t r o g e n  t e t r o x i d e  p r o p e l -  
l an t s .  T h e  s p e c i f i c  impulse  is a p p r o x i m a t e l y  50 r e r c e n t  g r e a t e r  than that  
a t t a i n a b l e  w i t h  the  c a t a l y t i c  d e c o m p o s i t i o n  h y d r a s i n e  t h r u s t o r s ,  thus  r e d u c i n g  
p r o p e l l a n t  c o n s u m p t i o n  by o n e  th i rd .  

Ti,e b i p r o p e l l a n t  t h r u s L o r  and  a s s o c i a t e d  p r o p e l l a n t  c o n t r o l  v a l v e s  
have  been  deve loped  d u r i n g  a n  i n t e n s i v e  6 y e a r  propF,am by ArDeitsgen-.einscha 
FCr Raka ten tcchn ik  17nd R a u m f a h r i  an d e r  U n i v c r s i t a t  S t u t t g a r t  E. V . ,  
S t u t t g a r t ,  \Vest G e r m a n y .  T h e  p r o p e l l a n t  c o n t r o l  va lve  e m p l o y s  a n  e l e c t r o -  
n7,agnet to d r a w  a f l e x u r e  mounted  poppe t  a w a y  f r o m  t h e  v a l v e  s e a t .  T h e  
v a l v e  i s  held c l o s e d  bl- the s p r i n g  f l e x u r e  f o r c e .  When power  i s  app l ied .  the  



electromagnetic forces overcome the flexure spring forces and the valve 
opens. When power is removed, the valve closes.  

The bipropellant thrus tor ,  including p r ~ p e t l a n t  valves is capable of 
delivering more  than 1 mil l ion seconds of steady s ta te  operation with the 
external  case  temperature  never r i s ing above 400 K. On the other hand, the 
thrus to r ,  including valves,  has demonstrated the capability to deliver over 
10 million duty cycles. The demonstrated specific impulse ranges from 
260 seconds for very  shor t  duration pulses to 290 seconds for steady s ta te  
operation. The propellant valves developed in conjunction with this thrustor 
have demonstrated over 1 billion cycles without failure. Tests  performed 
with the thrus tor have shown that the impulse bit produced is  a linear func- 
tion of valve on t ime from 3 mill iseconds to g rea te r  than 150 mill iseconds,  
repeatable to *6 percent. In addition, the thrus tor  has  demonstrated the 
ability to operate in an unregulated blowdown mode with tank p ressure  vary-  
ing from 2. 76 M N / ~ Z  down to  0. 69 ~ ~ / r n 2  and mixture  rat ios of 1.5 to 2. 5. 

Other components to be used were  initially developed for the mono- 
propellant hydrazine sys tems.  All mate r ia l s  used in these components 
which a r e  wetted by the propellants a r e  compatible with both .he monomethyl 
hydrazine and the nitrogen te troxide. Therefore ,  flight proven tanks, fill 
and dra in  valve, p r e s su re  t ransducer ,  latch valves,  and f i l ters  can be 
incorporated into the bipropellant sy s  tern. 

6. 6. 6 Elect r ica l  Power 

Elect r ica l  power is  provided by a spinning so l a r  ce l l  a r r ay .  A por-  
tion of the solar  a r r a y  power is used to charge  nickel-cadmium (NiCd) bat- 
t e r i es  to provide pawer during periods of so la r  ecl ipse and to supplement the 
power available f rom the so la r  ce l l  a r r a y  during period of peak demand. The 
so la r  a r r a y  features  the use  of current ly  available 22  x 62 m m  so la r  cel ls ,  
0.25 m m  thick. The cel ls  a r e  covered with 0. 15 m m  c e r i a  doped microsheet .  

The e lect r ic  power subsys tern for TDRS l D ,  2D, and SS conflgura- 
t i m s  include two Ni-Cd bat ter ies  with active bat tery  discharge control. The 
batteries a r e  composed of 16 s e r i e s  cel ls .  Cell  s i ze  i s  selected for each 
configuration to match the loads required during solar  ecl ipse operation. 
Battery discharge regula tors  boost the battery output to a nominal 25. 5 volt 
line. The battery discharge regulator c i rcui t  i s  of the boost choke type and 
uses pulsewidth modulation. It h a s  a minimum number of power t rans i s to r s  
and requ i res  minimum input line filtering. To reduce power t rans is tor  
s t r e s s  and to minimize output f i l ter  s i z e ,  each c i rcui t  is  two phase, with 
forced cur ren t  shar ing between phases. 

The TDRS AC elect r ic  power subsystem utilizes previously designed 
Intelsat  IV hardware  to minimize development cost. This configuration uses  
26 cel ls  in s e r i e s  discharging di rect ly  into the power bus during so la r  
eclipse. Charging is  accomplished by boost charge  s t r ings  of s o l a r  cel ls .  
As the boost charge  s t r ings  a r e  usable only for battery charging, this 



configurat ion i s  not sui table  where  m i n i m u m  s i ze  s o l a r  c e l l  a r r a y s  o r  
m i n i m u m  m a s s  subsys t em des igns  a r e  r equ i r ed .  

6. 6 .  7 Apogee Inject ion Motor  

T h e  only m o t o r  c u r r e n t l y  under  development  to s e r v e  as a synchro -  
nous apogee m o t o r  f o r  a Del ta  2914 launch  vehicle  payload i s  Thiokol ' s  
TE-616, being bui l t  f o r  t he  Canadian Technology Satel l i te .  The  only o t h e r  
m o t o r  des ign  offer ing a s ignif icant  m a s s  advantage i s  a Hercu le s  m o t o r ,  
which was  se l ec t ed  a s  the basel ine.  F o r  t he  TDRS m i s s i o n ,  approximate ly  
10 kg of the  s p a c e c r a f t  m a s s  could be  saved. T h e  m a s s  savings a r e  due 
en t i r e ly  t o  the  h igher  pe r fo rmance  of a composi te-modif ied,  double-bzse 
(CMDB) propel lan t  produced by H e r c u l e s ,  Inc. The  se l ec t ed  propel lan t  
has  been  used i n  o v e r  850 Hercu le s  product ion m o t o r s .  I t s  p e r f o r m a n c e  
h a s  been  we l l  c h a r a c t e r i z e d  in  o v e r  65  s t a t i c  and  190 f l ight  t e s t s  and h a s  
r ema ined  cons is ten t  i n  m o t o r s  f i r e d  a f t e r  a per iod  of 7 yea r s .  

The  SVM-4A r i o t o r  built by Aero je t  for  the In te l sa t  IV i s  used a s  the 
synchronous  apogee m o t o r  for  the TDRS AC. I t  h a s  been s u c c e s s f u l  on  a l l  
four  In te l sa t  IV launches to da te .  The  SVM-4A is  unders ized  for  the improved 
Atlas  Centaur  launch vehicle  separa' ied m a s s  capabi l i ty  of 1720 kg. However .  
the f inal  on-orb i t  m a s s  h a s  been max imized  by using the m a x i m u m  amount  of 
additional hydraz ine  that can  be s t o r e d  in the  exis t ing In te l sa t  IV r eac t ion  
con t ro l  s u b s y s t e m  (77 .4  kg)  and per forming  a 6 d e g r e e  pe r igee  plane change 
dur ing  t r a n s f e r  o r b i t  injection. 

The second candidate  apogee m o t o r  for  a n  Atlas  Centaur  launch i s  a 
modified v e r s i o n  of the TE-M-364-4  to  be built  by Thiokol for  the 
FLTSATCO!V; p rog ram.  The exac t  propel lent  m a s s  h a s  not been e s t ab l i shed ,  
but the sa t e l l i t e  wil l  be launched f r o m  the improved  At las  Centaur .  The 
m o t o r  wil l  m a t c h  the full payload capabi l i ty  of the improved Atlas  Cen tau r  
launch vehic le  a t  a n  opt imum des ign  point. 

An off loaded v e r s i o n  of the TE-M-364-4  m a y  be used to m a t c h  
sa t e l l i t e s  launched by the Space Shuttle1 T r a n s  tage launch vehicle  combinat ion.  
This  is s e l ec t ed  f r o m  a c o s t  and re l iab i l i ty  s tandpoint ,  a s  the sa t e l l i t e  m a s s  
i s  not a t  a c r i t i c a l  des ign  vaiue. 

6. 6. 8 S t ruc tu re  

The  s t r u c t u r a l  des ign  for  Del ta  Launched configurat ions is based p r e -  
dominant ly on the use  of bery l l ium to conse rve  s p a c e c r a f t  m a s s .  I t s  p r inc i -  
pal advantage is obtained In p r i m a r y  s t r u c t u r e  where  s t i f fness  is a c r i t i c a l  
des ign  condilion. This  appl ies  to the thrus  t  cone,  equipment  mounting plat-  
f o r m s  and the antenna suppor t  m a s t .  'This m a t e r i a l  has  been used in space -  
c r a f t  s t r u c t u r e s  fo r  a t  l e a s t  5 y e a r s .  



The s t ructure  for TDRS AC and TDRS SS configurations i s  based 
pr imar i ly  on the use of aluminum and magnesiunl for p r imary  s t ructure .  
The TDRS AC con f ig~ ra t i on  utilizes the Intelsat IV s t ruc tu ra l  design modi- 
fied a s  required to accommodate the l a rge r  TDRS design loads. The TDRS 
SS configuration is designed to accommodate as many  a s  three  satel l i tes 
installed in tandem on a Transtage for injection into synchronovs t ransfer  
orbit.  A feature of this configuration is the use of despun equipm-ent plat- 
forms located a t  each end of the cylindrical body. These a r e  joined by a 
cylindrical s t ruc tu re  during launch to obtain a rigid load path for the tandem 
group of satel l i tes using band re lease  mechanism. The bands a r e  re leased 
following separation f rom the launch vehicle to allow the spinning section of 
the satel l i te  to rotate. 

6. 6. 9 Thermal  Control  

Thermal  control  is  accomplished by a passive design consisting of 
surface finishes on s t ruc tu re  and equipment, thermal  b a r r i e r s  and shields, 
insulation blankets, and hea te r s  for c r i t i ca l  propulsion components. Bulk 
temperature control  is  achieved Sy coupling equipment radiatively with the 
spinning solar  ce l l  a r r a y  and with radia tors  installed a t  the forward end of 
the spacecraft.  The so la r  ce l l  a r r a y  a s sumes  a benign temperature  in the 
range of 285 to 295 K which stabilizes the temperature  of components about 
that level. The aft end of the spacecraf t  is closed and protected f rom 
apogee motor  plume heating by a s ta in less  s tee1 aft ba r r i e r .  This ba r r i e r  
has  hanovia gold on the inside surface  to minimize heat  t ransfer  a t  this 
interface. 

Most  of the power dissipating units a r e  grouped on despun platforms. 
Pla t form dissipation is  radiated to an  intermediate radiating surface  pro- 
vided between the platform and space. The temperature performance is 
well within the equipment design range for the ext remes in both Oeason and 
operating mode. The wide range of allowable operating condit i  : s  a 
des i rable  feature which allows equipment to be switched on a s  I - ,ired to 
the limits of the available power supply. 

Antenna m a s t s  and support booms a r e  treated with a combination of 
aluminum foil and aluminized teflon s t r ips  to l imit  temperature gradients 
which would cause  deilections of the s t ructure .  P r i m a r y  emphasis  is on the 
S/Ku band antenna supports  where pointing accuracy is  essent ia l  for sy s t em 
operation. 



7. TDRS SYSTEM RELIABILITY 

7.1 OPTIMUM TDRS MASS/RELJABILITY TRADEOFF 

The satellite mass / re l i ab i l i ty  tradeoff ha s  been investigated with a 
computer program that optimizes the  satellite reliability a s  a function of 
design mass .  Although in principle, reliability can be increased to any 
desi red level  with additional subsystem redundancy, in practice the m a s s  
penalties associated with redundancy of some siibsystem units a r e  prohibi- 
tive. F o r  th is  reason the upper l imit  on reliability for a practical  satellite 
design is  considerable l e s s  than 1. 0 for  typical  mission l ifet imes.  A typi- 
cal m a s s /  reliability tradeoff i s  i l lustrated in Figure  26. The typical 
satel.ite reliability i s  shown a s  a function of lifetime in Figure  27. 

SATELLITE RELIAB!LlTY FOR 6 YEAR LIFETIME 

Figure  26. Typical TDRS M a s s /  
Reliability T r  adeoff 
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Figure 27. Typical Satellite 
Reliability 



Any basel ine design i s  usually not on the  optir.lum mass / re l i ab i l i ty  
curve  because  the  des igns  of the  various subsys tems  often include redundancy 
allocations which a r e  off optimunl for the sys tem a s  a whole. However,  in a 
well  designed sys tem th i s  concession t o  subsys tem design i s  held t o  a ve ry  
s m a l l  ove ra l l  m a s s  penalty. F igure  26 shows that  the prac t ica l  upper l imit  
on sa te l l i te  rel iabi l i ty is about 0. 9,  even  i f  a l a rge  inc rease  in launch boostcr  
capability was  availabla. The select ion of a basel ine design i s  dictated p r i -  
m a r i l y  by the  s i ze  of the  d e s i r e d  spacecraf t  m a s s  contingency. 

The rel iabi l i ty numbers  quoted a s s u m e  that  the  satel l i te  is  fully 
opera t ional  in a l l  aspects .  Although it should be noted that many fa i lu re  
modes  re su l t  only in a pa r t i a l  reduction of se rv ice  and may  not ser ious ly  
d e t r a c t  f r o m  the utili ty of the sys tem.  F o r  instance,  the  fa i lure  of the  LDR 
fo rward  l inks does  not d isable  the r e t u r n  l ink;  in such a c a s e ,  the  s y s t e m  
per fo rmance  would be degraded only by the  requi rement  that  a l l  LDR u s e r  
commands  mus t  be t r ansmi t t ed  through the  o the r  TDRS. F u r t h e r m o r e ,  the 
LDR links may  fa i l  comple te l ) ,  but th i s  does  not reduce the MDR se rv ice .  
Other  subsys tem malfunctions which have been c lass i f ied  a s  f a i l u r e s  (e .  g . ,  
short ing of t h r e e  ce l l s  in one ba t t e ry )  m a y  only reduce fu ture  rel iabi l i ty 
(i. e . ,  ba t t e ry  l i fet ime d u e  t o  a higher depth of d ischarge) .  

7 . 2  PROBABILITY O F  LAUNCH AND DEPLOYMENT SICCESS 

If the probability of successful  launch and deployment i s  es t imated  a t  
x, (where x is the  overa l l  rel iabi l i ty given in Table i 0 ) - i t  follows that  l / x  

TABLE 20. LAUNCH AND DEPLOYMENT RELIABILITY SUMMARY 
I 

Apogee motor 

TT&C 

Separation and deployment 

ACS and RCS 

Launch booster 

Overall 

(1  ) 192 flight tests of X-259 and BE-3 
(2) GSFC Delta Symposium Documentatmn, September 1971 
(3) lntelsat IV program estimates (flignt experience: 4 for 4 successful) 
(4) Design goal 
(5) Launch experience 

TD  RS SS 

0.9924(3) 

0.9999 

0.995 

0.9999 

0.98(4) 

0.969 

T D  RS 2D 

0.996(1) 

0.9999 

0.998 

0.9999 

0.95(2) 

0.944 

TDRS I D  

0.996 (1 ) 

0.9999 

0.998 

0.9999 

0.95(2) 

0.944 

TDRS AC 

0.9924(3) 

0.9999 

0.995 

0.9999 

0.85(5) 

0.839 



total  launches will be required for  each launch, leading to a successful  
injection and deployment of each satellite. (Fo r  purposes of cost e s t ima -  
t ion, it is possible to  utilize a noninteger number of launches. ) There  i s  no 
way t o  fore te l l  whether o r  not the TDRS program will be "lucky" in the a r e a  
of launch fa i lures .  Since launch and deployment fai lures a r e  most  conven- 
iently handled separately,  the subsequent discussions of sys tem reliability 
p resume that enough launches a r e  made to obtain the stated satel l i te  
deployment. 

7 .3  OPERATIONAL TDRSS RELIABILITY 

The TDRSS i s  considered fully operational when two fully operational 
TDRSs a r e  available to provide u se r  service.  The sys tem reliability 
depends not only upon the satellite reliability, but a lso  on the number of 
spa r e s  allocated fo r  replacement of failed satel l i tes.  Figure  28 shows the 
sys tem reliability a s  a function of the satellite reliability and the number of 
orbiting spares .  This figure shows that the shape of the reliability curve for 
a sys tem with no orbiting s p a r e s  is  significantly different f rom sys tems  util- 
izing orbiting spares .  The no spa r e  sys  tem has  relatively low values of sys -  
tem reliability even when the satel l i te  reliability i s  high; therefore, any 
practical  sys tem operational concept mus t  include a t  leas t  one orbiting spare .  

  he TDRS satel l i te  reliability is summarized in Table 21. These 
values, if used in conjunction with Figure 28, will define the overall  sys tem 
reliability. 

TABLE 21. OPERATIONAL TDR SPACECRAFT RELIABILITY SUMMARY 

- 
Telecommunications service 
system (including antenna 
positioning) 

TT&C 

Attitude control 

Reaction control 

Wiring harness 

Electric power 

Spacecraft structure 

Thermal control 

Overall 

(5 YEAR RELIABILITY ESTIMATE) 

TDRS I D  TDRS AC TDRS 2D 
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Figure 28. TDRS System Reliability 
With Two Operational Satellites 


